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ABSTRACT

The purpose of this technical documentary report is
to partially satisfy the need for a design handbook
specifically tailored for atructural plastic appli-
cations in serospace vehicles for the Air Force,

This first edition contains a preliminary eollection
of technicel data and information on these materiala.
The format and organization has been developed, based
on consultation with a wide variety of industrial and
government concerns, to be rapldly useable and conclse.
Information presented has been categorized into seven
Manuals discussing toples such as material properties,
theoretical analysis, design procedures, procesaing
and testing.

This technicsl documentary report has been reviewed

and is approved.

D, A, SHINN

Chief, Materials Informaticn Branch
Materials Applications Diviaion

AF Materials Laboratory
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INTRODUCTION

INTRODUCTICN

Purpose of Manual

The general purpoge of this Matual is to present
various general items of information pertaining to
DIVISION I - Structural Plastics - of the MATERIALS
DESIGN HANDROOK. Such items as summary contents,
ahbreviations, glessary, specifications and the like
are presented,

As with other Manuals of this handbook the material
presented is 2 result of review of formal end
informal literature, published data, persomal visits
to a majority of the reinforced plastics {ndustry,
including all phases, and project developed concepts
and procedures,

The primary purpose of this Manual i8 to provide a
background of philosophy and procedure for the
potential user of this handbook division.

Identification Gode

For the purpose of organization and crose referencing,
the information presented in this Manual is divided
fnotc aections as indiceted in the Table of Contents
which follows,

Eanch section {8 coded to identify Lits contents, The
titles indicated in the Table of Conteants will clarify
this procedure.

Contants of Manual TA

This Manual is divided imto sections as follows:

Section Ne. Subject

a.0 INTRODUCTION. . ..Code:  INTRO

1,0 ACKNOWLEDGEMENTS ... .Code: ACK

2.0 SUMMARY CONTERTS OF DIVISION T....
Code: CONT

3.0 BACKGROUND. ...Code: BACK

4.0 USE OF DIVISION I....Code: USE

5.0 SUMMARY ABBREVATIONS....Code: ABBR

6,0 SUMMARY GLOSSARY,,..Coda: GLOS

7.0 SUMMARY SPECIFICATIONS,.,..Code:

SPEC
8.0 SUTRCE REFERENCES....Code: REF

Each of the above sections of this Manual is
subdivided as appropriate to its aubject,
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SUMMARY CONTENTS OF DIVISION I
General

This section will present only a summary of the
contents of DIVISION L of the handbook., Fer

detailed contents of each Manual, Section 0.03,
"Cantents", of the Inmtroduction to the Manual in

question should be referred to.

Discussion of various identificarion codes and
subject subdivisions will be found in the

Introducti

on to each Manual.

Division I Bontents

DIVISION I - STRUCTURAL PLASTICS

MANUAL IA INTRCDUCTION 1A
G.0  INTROGDUCTION INTRO
1.0  ACKNOWLEDGEMENTS ACK
2.0  SUMMARY CONIENTS CF DIVISION I CONT
3.0  BACKGROUNR BACK
4,0 USE OF DIVISICN I 1ISE
5.0  SUMMARY ABBREVIATIONS ABBR
6.0  SUMMARY GLOSSARY GLOS
7.0  SUMMARY SPECIFICATIONS SPEC
8,0 SQURCE REFERENCES REF

HANUAL TB BASIC DESIGN Is
0.0 INTRODUCTION INTRO
3,0 LAMINATES - ORTHOTROPTC, PLAT PLATES  LII

MANUAL TC PRIMARY MATERIALS Ic
0,0  INTRODUICTION TNTROD
1.0 GENERAL
2.0% PHYSICAL AND CHEMICAL PROPERTIES
3.0% MECHANWICAL PROPERTIES
4.0% TFABRICATION

% Subjects repeated for each material

Materials covered in this first edition:

Pelyester Resin - Generzl Purpose Pal

MANUAL ID
0.0
1.0%
2.0
3.0%
4 Ok

MATERIAL SYSTEMS ID
INTRCDUCTION TNTRC
GENERAL
PHYSTCAT, AND CHEMICAL FROPERTIES
MECHANICAL PROPERTIES
FABKICATION

% gubjects repeated for each material

Materials covered in this first editiocn:

polveater, General Purpose/Glass Cloth PolCe
Polyester, Improved Property/Glass Cloth PolGe
MANUAL IE THEORETICAL ANALYSIS IE
a,a INTRODUCTLON INTRQ
2.0 TLAMENATES - ISOTROPIC 11
3.0 TAMINATES - ORTHOTROPTC, FLAT PLATES LIT
4,0 LAMINATES - BUCKLING LITT
20.0 FILAMENT WINDING - SIMPLE PRESSURE
BOTTLES FI

21,0 FILAMENT WINDING - BOTTLES WITH
END PORTS FII

2.03

MANUAL IF PROCESSES AKD TODLING IF
0.0 TNTRODUCTION INTRO

1.0 CONTACT MOLDING [+
10.0  BAG MOLDIKG B
11.0 VACUUM BAG MOLDING Ve
12.0 PRESSURE BAG MOLDING PB
13.0 AUTOCLAVE BAG MOLDING AR
20.0  PRESS MOLDING P
21,0  PRESS MOLDING - CONTACT PRESSURE PM-C
42,0  PRESS MOLDING - AGAINST STOPS PM-8
Z3.0 PRESS MOLDING - HIGH PRESSIRE PM-H
27.0  CONTINUOUS PROCESS MOLDING CPM
MANUAL IG TESTING ANP QUALITY CONTROL Ic
a.0 INTRODUCTTON INTRO

2.0  TEST METHODS - PHYSTCAL PROPERTIES T2.

3.0 TEST METHODS ~ CHEMICAL PROFERTIES T3.

4.0 TEST METHODS - THERMAL PROPERTIES T4,

5.0 TEST METHODS - ELECTRICAL PROPERTIES Ti.
6.0 TEST METHODS - MECHANICAL PROPERTIES  Té.
7.0  TEST METHODS-MISCELLAWEOUS PROPERTIES T/.
10,0  SUMMARY OF STANDARD TEST PROCEDURES 510,

Discussion

Tt is emphasized that the contents of this first
edit'on are far from complete with respect to
projected and antlcipatad coverage in Division L.
The Table of Centents in the Introduction ro each
Manual will ipdicate Intended coverage as well as
that contained in the firat edition. The contents
listed above only include those headings under which
entries have been made.
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BACEGROUND

General

The fellowing discussion depicts the hiavary behind
the development of this handbook, its contents and
its format.

Preliminary Survey Study

On the baais of the recent survey study, "Information
Requirements for Applicetion of Non=Metallic
Structural Materials to Aerospace Vehicles™ [AF 18
(500y~1876, WADD TR 60-446) completed in 1960, it was
concluded that a definite need existed for a handbook,
manual, or a series of them, specifically tailored
for non-metaliic materials applicarions in aercspace
vehicles for the Air Foree, Virtuwally all contacts
in industry sgreed thet a comprebensive effort had

to be made to produce such a handbook. Since this
effort was and 1s to fulfill the needs of all types
of engineers involved in aerospace vehicle design
work, 1ts wide potential acceptance and use is
indicated.

It was concluded frem the above survey that exiating
hendbeooks or mavals fell short of fulfilling the

needs of Alr Force designers for several basie
reasond. First, they were not specifically designed
for Alr Force applications, Second, they did not
incorporate the format and organization of information
and data necesgary for easy uge. Third, and perhaps
mogt {mportant, the information contained in these
manuale was too frequently more than several yvears

old and, therefore, of reduced value.

As & result of the current rapid growth of highly
specialized materials and design procedures for

Alr Porce applications, the engineers involved in
this field must be able to secure pertinment reliable
information quickly. The then current predeminantly
generalized type of handbook necessitated considerable
searching by the engineer often reaulting in the use
of materials and designa not intended for epplication
ro hie particular preblem. The use of general hand-
bocks by the inexperienced engineer could also create
additional problems.,

It was decermined that the task of obtaining,
organizing and correlating the immense amount of
deta available from scattered scurces into a hand-
boak, although a vast undertaking, could be
accomplished. The need for order and the whele
problem af the design and use of non-merallie
materials were and are such that & worthwhile
attempt would definitely be an {mprovement over
existing conditions. The amount of data available
is increasing every day and the task aof compiling
this information into a handbook will become mere and
more difficult as time goes on. It was, therefore,
felt that it was time to start organizing snd
pregenting existing information in such a handbook,
thus making an up-to-date source of information
readily available,

The format of data evaltuation, organizacion and
presentation was determined to be critical to the
acceptance and use of the handbook or menuala. The
format, as now- adopted is, therefore, carefully
designed to meet the needs of the enpineer. A
general criticism of existing handbooks was that they
fail to do this with respect to specific use in the
field of Afr Force applications,

In the field of non-metallic structural materials,
advancements and improvements are made so rapidly

that current data quickly becomes phsolete. A
winimum delay in dissemination of handbook infarmation
wag and £8 therefore essential. For this handbook

to be valuable, It must be kept up to date and must

be continually revised ta include new information.

The survey results {ndicated a definite need faor a
handbook on all non-metallic materials applicable ko
air and space vehicle design. It was obvious, however,
that guch a book would be veluminous and unwieldy.
This was overcome by dividing the handbook inte a
series of Divisions, each organized for a specific
material classification. Furthermore, because of

1.03

the complexities within one material classification,
further division of each into manuals was planned
to facilitate use.

Based on the consideraticn of colleered data, the
consensus of contacts, and the analysis by project
peracnnel, it was concluded that the general material
classification of Structural Plastics was the firsc
hardhook Division to undertake. Hence, Division I,
Structural Plastics was put under contract by ASD.

The needa of the flight wvehicle designer have
placed an Impertant and subetantial burden on
material evaluation and dat dissemination
techniques. This burden must he satisfactorily
handled to insure the continued growth and
influence of non-metallics as engineering materials
for structural applications in aerospace vehicles.

In sumary, it was concluded from the reszulta of the
survey study, contact opinion, and research perscnnel
congideration, that any heandbook attempt must

include the following features te insure its
acceptance and use:

1. Timitation of data and information to specific
applications within the field of aerospace
vehicle design for Ailr Force programs.

2, Provision for rapid dissemination of handbook
parts to provide up-to-dave information.

3, Provisien for constant revision and updating
af previously published haundbook parts.

4. Formac design to provide for 1 through 3 above.

9. Format design to provide the preatest possihle
ease of uge of handboak,

6. Provision for data and information {n the hand-
book on all of the fellowing:

a, @General information and application of
materialg,

b. Design criteria for specific applicatiensa,
including human factors where pertipent.

¢. TProperties of basic materials and
combinations of same.

d. Stress anelysis for specific applications.

e. Preocessing information and ite influence on
properties and deeign.

F. Tooling information and its influence on
properties and design.

g. Testing and quality contrel.

7. Provisien for adequate editorlal coverage by
experts from various industries and agencies.

8, Provision for adequate date and information
collection, evaluatien, correlation and
dissemination to wrirers and editors.

9. Provision for full, direct and rapigd
coordination of all handbook parts during all
phases of processing and dissemination.

Outline of Divislen I Program

It was realized that the task of preparing a hand-
bock and design manual for the use of designers and
engineers of aerospace vehicles in the field of
structural non-metallic materials would be arduous
and could not be accomplished in a short period of
time. It was further realized that new data and
informacion were being continuously developed and
would need to be included as rapldly as available,
in continueusly revised sections. The following
coordinated and correlated approach was adopted
for development of & workable system and format
and for preparation of the initial editien of
Divigien I - "Structural Plascica.

The work which was included under this program is
outlined as follows:

i. Development of MATERTALS DESIGN HANDBOOK =
DIVISION T - STRUCTURAL PLASTICS.

2, Writing of MANUALS IA through IG for a rumber
areas ta include flat and curved laminates,
plateg and filament waund tubes as time apnd
additional data would permit.

1A

BACK
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1. Further investigation and establishment of
formar, ete., for above Division.

4, TFurther investigation and establishment of
standard dara filing systems to permit rapid
correlation, evaluation and dissemination of
information 4nd data.

5. Continuation of personal contact liaigon to
obtain information and data and to coordinate
productien of a "useable'" Harndbook,

6. Consultants and sub-contracts as required to
utilize the best posgible sources and to include
all available "up-ro-date" data.

7. Continued collection and filing of data and
information on all types of non-metalliic
structural materials.

To achieve the forepeing a project organization
was bullt vp to funcrion as follows

DIRECTTON
& CONCEPT

1

EDYTORS

COORDINATION ] LIASIONl
MANUAE CONSULTANTS | | spowsor
(ASD)
TECE. GOV,
ASS'TS ACENCIES

LIERARY —-l INDUSTRY !

DRAFTING PRINTING —1 SOCTETTES I
& MOCKUP DISTRIBUTION

L I

Handbook Cutline

In order to obtain the features required for a
working handbook, careful consideration was given
tec the outline. As previcusly indicated, one hand-
took on the whele subject of non-metallic materials
in aerospace vehicle design would be Impractical.
Therefore, the breakdown of the Handhook into major
material divisions was devised as indicated below.

MATERTALS DESIGN HANDBOCK

MAJOR DIVISIONS

DIVISION I - Structural Plastics
DIVISION TT -~ Structural Adhesives
DIVISION III - Structural Ceramics
DIVISION IV - Other Structural Non-Metallica

DIVISION V - Structural Combinatiens aof
Metallice and Non-Metallice

DIVISION VI = Secondary Structural Components
DIVISION VIT

Won-Structural Applications
(Insulations, Coatings, etc,)

When the organization of any one Divislon of the
Handbool was considered, the features required
became particularly important. The Tequirements
and use of a Handbock Diviaion dictate secticmaliza-
tion by general topic. The breakdown of Division T
into a series of Manuals was created as indicated
below,

DIVISION T - STRUCTURAL PLASTICS

MANUAL BREAKDOMN

MAMIIAT. TA - TIntroduction

MANUAL IB - Basic Design

MANUAL IC - Primary Materials

MANUAL ID = Materlal Systems

MANUAL IE - Theoretical Analysis
MANUAL IF - Processes and Taoling
MANDAL IG - Testing and Quality Control

As can be seen, additional topic Manuals may be
added at a later date if and when deemed necessary
and advisable.

A specific philosophy of intended Manual content was
developed at the start of the project. Thia {s
summarized in the followlng discussion.

The survey proved that there was a fundamental need
for information relative to specific applications
of reinforeed plaarice in structural situations.
Past experience, design approach, guldes to material
selection, and similar items needed to be gathered
in one reference. The attempt to accomplish this
resulted in Manual IB, Basic Design.

Discussion of applications, ete., invalves
generalities and broad coverage which, for planning
and preliminary design, might be sufficient. How-
ever, additional supporting detall ie required for
complete coverage. Since application {nvolves
materiala, the designer requires definitive
information on those materials involved. Tg support
derign and material selection, Manuals IC and ID
were conceived te depict Primary Matziials and
Material Systems respectively. In the majority of
cases informaticm on the material systems {resin
combined with reinforcemencs) will be sufficient.
However, the materials engineer, in particular,

may have 2 need for more detsiled data on tha primary
materials (resins and reinforcements separately)

o assist him in selection and development of new

or better combinations.

[ad

It is well known that presentation of detailed data
on reinforced plastic materials requires a knowledge
of both preocesses and testing methods since material
properties are directly affecced by both of these.
Te satisfy this requirement and to support Manuals
IB, IC and ID further, Manuals IF and I were
created, IF covers Processes and Teoling whiles TG
presents Testing and Quality Control. These
sectiond will further help the designer, should he
desire more detail, bur they will be more directly
helpful to matertals engineer, production or
fabrication departments and testing laboratories,

Good design requires knowledge of analysis and

the understanding of the theory behind same, To
complement the design approach and procedure
presented in Manusl IB, a discussion of Thaoretical
Analygis fs ¢ollected in Manual IE. The deve lopment
of aceepted theery and derivation of design and
analysia formulas are presented in condensed and
cutline form for background of the designer and

use by the analyse,

A certain amount of general infermation is basic to
such a comprehensive coverage as attempted in this
Handbook. Such information as abbreviations, sources,
introduction and the like are collected in Manual T4,
Introduction. TA attempts to set the philosophy for
the whole serles of Manuals and to give the user a
"lead in" for them.
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Results

This document contains the results of the first
effort to achieve the aobjectives created gs part
of the background., Tt is again empbasized that
this is a first attempt and the Handbook is far
from complete. Innumerable prablems were forth-
coming during the prolect operation. Sclutlons te
these have been attempted, perhaps unsuccessiully
in some cases.

However, it is agreed that a start has been made
with a positive result.. Appropriate continuation
will develop the Handbook intc a complete document
fulfilling all objectives.

One peint mudt be emphasized here. The Future
fulfillment of objectives by this document will be
directly dependent upon and assisted by constructive
criticism from those people wha receive and
consclentinusly atcempt to use the volume. The
asaistance of guch {ndividusls &nd orgenizations is
gincerely solicited by those who created this first
edition. It is suggedted that comments apd criticisms
be addressed to the Project Engineer at ASD am
indicated in the Abstract at the beginning of this
valume.
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INTRODUCTION

USE OF DIVISION T

General

The purpose of this section is to give a brief
discussion of the Handbook's organizatiecnal format
and effective use of same. Appropriate specific
detalls are included in the Intreduction to each
individual Manusal.

Use by Content

The content of this handbook {s organized accerding
te the basic functional activities involved in most
phages of the structural plastics endeavor, namely:
Design, Analysis, Materials, Processing, and
Testing.

Design

The design function invalves planning (preliminary
design), design calculation, and selection of
materfals and processes.

Planning, or preliminary design, requires background
knowledge of typlcal applications and the designs
and materials used for same. Part 2, titled
Application, of Manual IB contains the type of
infermation necessary for this functien. 7The
information is organized according to structural
classificacions such aB various types of laminates,
wound structures and the like, A detailed outline
of contents 18 indicated inm the Intreduction to
Manual TB, Code IB INTRO, patagraphs 0.031 and 0,033,

Design caleulation requires application of fermulas
and charts developed by theoretical analysis.

Part 1, tivled Desipgn, contains the type of inform-
ation necessary for this function. The informatien
according to structural classifications such as
various types of laminates, wound structures and
the like. A detailed outline of contents is
indicated in the Introductiom to Manual IB, Cede IB
INTRO, paragraphs 0.031 and 0,033.

Support for the design procedures will be found
in the Manual on Theoretical Aralysis.

Selection of materials and processes requires
general knowledpe of previcus uses and detailed
infermation on specific properties, Information,
organized according to structural spplicatioms,

en previous uses of materials and their typical
propertias and pracesses is found in Part 2, titled
Applications of Manuel IR, The detailed outline of
contents {8 found in the Introduction to chia
Manual, Code TB, INTRO, paragraphs 0.031 and 0.033.

Specific Information on material systems applicable
to structural use is organized according te material
cype in Manual ID. A detailed cutline of contents
is found in the Introduction to this Manual, Gode
ID, INTRO, paragraphs 0.02 and 0,034,

To support the data presented on material systems,
information en the primary materials is found in
Manual IC. A detailed outline of contenta is found
in the Intreduction to this Manual, Code IC, INIRO,
paragraphs 0.02 and 0.034.

General information on various processes {s found

in Manual IF and {e crganized according to category
of process, A detailed outline of contents is found
in the Intreduction to this Manual, Code IP, INTRO,
paragraphs 0,031 and 0.033,

Analysis

Analysis invelves both an understanding of the
physlcal behavior of the materials Invelved and a
detailed knowledge of theoretical approaches and
derivations required, This information {8 found
in Manual IE, orgenized according to structural
clageification. A detailed outline of contents is
fournd in the Introduction to this Manual, Code IE,
INTRO, paragraphs 0.031 and 0,033,

Design procedures and formulas derived in Manual IE
are uged in Manual IB for various design applications,

4,023

4.023.1

4,023,2

4,023.3

4.024

4.025

4,03

4.031

4.032

4,031

Materials

Structural applications of reinforced plastics
requires a detailed knowledge of the properties cof
material systems, primary materials, processes

and testing methods used to obrain the property
data.

Presentation of detailed property information is
organized according to material classification in
both Manual 1D, Material Systems and Manual IC,
Primary Materials, A detailed outline of contenta
is found in the Intreduction to these Manuwals, Codes
1D, INTRD, and IC, INTRO, respectively.

Property data is not valuable without knowledpe

of the process uged. The information presented

ip Mapuals ID and IC includes identification of

the procesa used in each case, Procese informatien
is organized by categery in Manual IF. A detailed
ocutline of contents ia found in cthe Intreduction to
this Manual, Code IF, INTRC, paragrapha 0.031 and
0,033,

Property data must be supported by knowledge of the
test method used, Test methods are cross referenced
to Manual IG. A detalled outline cof contenta is
found in the Introduction to this Manual, Code IG,
INTRO, paragraphs 0.021 and 0.022.

Processing

Information on and discussions of various processes
applicable to preducing structural reinforced
plastics are found in Manual TF. A detailed cutline
of contents {a found in the Introduction to this
Manual, Cede IF, INTRO, paragraphs 0.031 and 0,033,

Testing

The subkject eof testing may be considered as involving
three areas, namely: individual test methods,
standard test procedures, and quallty control
methods. Information on and discuasion of all

three of these areas is found in Manwal IG. 4
detailed cutline of conrents is found in the
Introduction to this Manual, Qode 16, INTRO,
paragraphs 0,021 acd 0,022,

Use by Code

The content c¢f this handbook is erganized in such a
way that the information on each page is quickly
identified by varicus basic codes, These codes are
found in the upper outside corner of each page and
identify three areas: Manual, Subject Classificatian
and pages involved,

Manual Code

Each page is individually identified as to the
Hendbook Division and Manual in which it is

located, An identification code is found in bold
face print in rthe upper outgide corner of each page.
For example, ID identifies that page as belonging to
Division I, Structural Plastics,and Manual D,
Material Systema, A completa outlipe of Division
and Manual codipg 18 found in the Summsry Contents
Section of this Manual, TA.

Subject Clasasification

The basic subject contalned on the page is coded,
alac in bold face underlined print in the upper
outaide corner of each page, by various systems
developed for che handbook, These systems identify
material, structure type, process, or test methad,
ag sppropriate. It will be noted also that each
write up uses the same codes to provide a means of
cross indexing between various manuals. Detailed
discussions of the code systems is found in the
Introduction to the appropriate Manuals,

Page Number

Under the Subject Classification code is an
indication of the page number and toral pagea
involved in the particular writeup.

|
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INTRODUCTION

Use by Format

A two column format with decimal patagraph numbering
was adopted to facilitate use of this handbook, Tha
two columns permits {ncarporation of graphical
information immediztely adjacent to the text
concetning same. Once familiar with the handbook,
it will be realized that the same paragraph number
will indicate the same topic anywhere within a
Manual. The manual intreduceions clarify this.

In addition, each page is thumb indexed with the key
for same found immediately in front of Manual TA.

Use by Insertion

It will be noted that each detail aubject covered

is contained on its own set of pages and individually
coded for reference and location in the handbook.

It 18 suggested, even recommended, that the user

take advantage of this syatem by ingerting

additional data, information, charts, etc., thatr

he {g familiar with snd uses often and as he sees

fit to agsist him in hia work,
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INTRODUCTION

SOURCE REFERENCES

General

This section lists all mources that were consldered
and vsed during the compilation of informatiom
contained in this first edition of the haodbook.

Orgsnizationa

This list includes all acurces contacted during
both the preliminary survey and the handbook
project. Technical data was not received from
all of these, but other valuable assistance was.

Acme Resin Gorporation

Aeroiet-General Corp., Azusa

Aerojet~General Corp., Sacramento

Aeronautical Division, Ferd Moter Company

ASD ~ Aevonautical Systems Division, AFSC, USAF

ARDC - Air Besearch and Devalopment Command

Allepany Ballistics Laboratory, Hercules Powder Co.

Allied Chemical Coerporaticn, Plastics Division

American Cyanamid Company, Plastics & Resins Divisian

AIChE - American Institute of Chemical Engineers

American Marietra Company, Adhesive, ReBin & Chemical
Division

American Reinforced Plastics

ASTM -~ American Society of Testing Materials

Applied Physiecs Laberatory, The Johns Hopkins
University

Archer-Danielsa-Midland Company, Resin Divisicn

ASTTA - Armed Sexrvices Technical Information Agency

Atlantic Research Corporation

Atlas Chemical Industries, Inc., Chemical Division

Rattelle Memorial Institute

Bendix Gorporation

Benson-Lehner Corporation

Birma Manufacturing Co., Inc., Reinforced Plastics
Division

Beeing Ceompany, Transport Divisiocn

Boeing Company, Aervspace Bivigion

Borden Chewmical Company, The

Brunswick Gorperation

Cadillac Plastic & Chemical Co.

Carborundum Company, The, Ceramic Fiber Plant

Celanese Polymer Company, Division of Celanese
Corporation of America

Chance-Yought Aircraft, Inc., Structures Department

Chemical Process Co.

Ciba Products Gerporation

Cimagtra Division, Cincinati Milling & Grinding
Machines, Inc.

Coast Manufacturing and Supply Co., Plastics Division

Comeco Plastics, Inc., Division of Commercial Plastice
& Supply Corp.

Commerce, Department of, Office of Technical Service

Continental Diamond Fibre Corp.

Convair Astronautics Division, General Dynamics

Cornoration

Convair San Piega Division, General Dynamics
Corperation

Convair Fort Worth Divigion, General Dynamica
Corporation

Cordo Chemical Corp.
Cordo Molding Products, Inc.

CTI,, Incorporated, Divisicn of Studebaker—Packard Corp.

Gurties—Wright Corporacion, Propeller Drivision

Dama Plastica, Swarthmore Industrial Center

D=C Reinforced Plastics Co.

DeBell & Richardson, Inc., Consulting Engineers
Douglas Aircraft Company, Inc., Santa Monica Divieion
Dow Chemical Company, The, Midland

Dow Chemical Company, The, Texas Divisian

Dow Corning Corporation

Dumont Maoufacturing GCorp.

DuPont, E. I., De Nemiurs & Cowpany

Durez Plastics Division, Hooker Chewical Corporation

Eastman Chemical Products, Inc., Subsidiary of
Eastman Kodak Co.
Easo Research & Engineeting Co.

Fabricon Products, Division of Eagle-Picher Uo.

Fairchild-Stratos Corp., Alreraft & Missiles Division

Ferro Corperation, Fiber Glasms Division

Fibercast Co.

Filberite Corporation, The, Division of Universal
Manufacturing Co.

Food Machinery & Chemical Coxporation, Chemicals &
Plastics Divizion

FPL ~ Forest Producta laboratery, U, 5. Department
of Agriculture

Formica Corparation

Freeman Chemical Cerporatien

Furane Plastie, Inc.

General Dynamics Astronautics

General Electric Company, Burliogton

General Electric Company, Philadelphia

General Electric Company, schenectady

General Electric Company, Valley Forge Space
Technology Center ell

General Mills, Chemical Division

General Precision, Inc.

General Tire and Rubber Go.

Gibbs Cox, Inc.

Glascoat

Glastic Corporation, The

Glidden Company, The, Plastics

Goodrich Cowpany, B. F.

Goodrich Chewical Company, B. F.

Goodyear Aireraft Corp., Arizoma Division

Gruman Alrcraft Company

Hamilton Standard, Division of United Aireraft Corp.

Hartford Fibers Company, Division of Bigelow-5anford
Carpat Co.

Haveg Industries, Chemical Materials Diviaion

Hercules Powder Company

Hexal Products, Inc.

Hooker Chemical Corporation, Durez Plastics Divieion

Honeyconb Corporation

Hughes Aircraft Company

Interchemical Corporation

JPL - Jet Propulsion Laboratory, California Institute
of Technology

Johna-Manville

Jones Dabmey Company, Resins & Chemicals Division

Kalwal Corperation

KDK Plastics Company

Keleo Company

Kerr Products, Divieion of Space Equipment Co.

Lamtex Industries, Inc,

Libbey-Oweng-Ford (lass Fibers Company

Little, Arthur D., Inc.

Lockheed aircraft Corporationm, California Division

Lockheed Alrcraft Corporatiom, Misslles & Space
Division

Leckheed Alrcraft Corporation, Georgia Division

Lucidol Division, Wallace & Tiernan, Inc.

Lunn Leminates

MCA = Manufacture Chemists’® Association, Iac.

Marine Plastics

Marquart Corporation, The

Martin Company, The

M. I. T. = Massachusetts institute of Technology

Minerals and Chemicals, Phillip Corporation

Minneapolis-Honeywell Regulator Company, Plastics
Research

3 - Minnesota Mining & Manufacturing Company,
Zenlth Plagtics Division

3M - Minneaota Mining & Manufacturing Company,
St. Paul

Mobay Chemical Company

Molded Fiber Glass Rody Company

Medular Molding Corperation

Monzanto Chemical Company, Plastics Division

Murtex, Inc.

Narmco Research & Development Divislon, Telecomputing
Corr.
Narmco Materials Division, Telecomputing Corp.
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N4SA = National Aeronautics & Space Administracion
NBS - National Bureau of Standards

WSF = Naticoal Science Foundation

Hational Vulcanized Fibre Company

NOL - Naval Ordnance Laboratory

Naval Torpedo Station

Navy Bureau of Aeronautics {Bu Aer)

Navy Bureau of Mines

Navy Bureau of Ships [Bu Ships)

Navy, New York Naval Shipyard d

Navy, Philadelphia Naval Shipyard

Naugatuck Chemical Division, U, 5. Rubber GCempany
North American Aviation, Tnc., Rocketdyne Division
Nerth American Aviation, Inc., Missile Division
North American Aviation, Inc., Los Angeles Division
Northrop Corparation, Norair Division

OOR - Office of Ordnance Research, U. $. Army
Dmohundro, Faul, Company

OMRC - Ordrance Materials Research Office
Owens-Corning Fiberglass Cerporation

Philadelphia Naval Shipyard, Design Division
Pittsburgh Plate Glass Company, Fiber Glass Division
Plastic Products Corporation

PLASTEC - Flastics Technical Evaluation Center
Plastic Tooling Corporacion

Quartermaster Research & Engineering Command,
T. 5. Army

Raybestaos-Manhattan, Inc., Reinforced Plastics
Division

Raytheon Company, Reseatch Division

Reichold Chemicals, Inc.

Reinhold Engineering & Plastics Company

BRen Plastics, Inc.

Republic Aircraft Cerporatien

Resistoflex Corporation

Rezolin, Inc.

Robertson, H. H., Company

Rohn & Haas Company

Ryan Aeronautical Company

Shell Development Company

Shell Chemical Company

Sherwin-Williams Company

Silerracin Corporatiom, The

smith, 4. 0., Corporation, Plastics Research
Laboratory

gsolar Aircraft Company

Southern Plastics Company

STL - Space Technology Laboratoriles, Inc.

SPE - Society of Plastics Eogineers

8PT ~ Society of Plastics Industry, Ine.

Specialty Resins Corpany

Standard Insulation Company, Ioc.

Stark, H., & Sons

Sundstrand Plastics, Division of Sundstrand
Carparation

Swedlow, Inc.

Swift & Company

Sythane Corporation

Taylor Fiber Company

Telecomputing Corporation

Thickol Chemical Corporaticm
Thompsen, H. 1., Fiber Glass Company

Unien Carbide Corporation

United Merchants Industrial Fabric
United States Rubber Company

United Technolegy Corperaticn

U. 5. Polymeric Chemical Corperation

Western Plastics Magazioe
Wyandotte Chemicals Corporation

Zenith Plastics Company, Division of 3M Lo.
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5.01

5.02

INTRODUCTION

S5UMMARY ARBREVIATIONS

General

Thie section collects all mhbreviations used in the
bandbook, These are presented in alphabetical order
and include a1l code symbols used in the various
indexing or fdentificatlion syatems.

Alpha Abbreviations

A = Area, cross sectional area.
A = congtant
A - Manual A, Introductien, as uged in

Manual {dentification code,

A = Stress ratio {n fatfigue = aaltlﬁmf

a4, b = Axen

AR = Autoclave bag molding, as used in
process identification code

Abbr = Abbreviation{s)

Ack = Acknowledgment{s)

Alt - Alternating, alternate

ASD = Aercapace Systems Diviesion

hvg = Average

] = Bag molding, as used in process

identification code.
B - Manual B, Basic Design, as used in
Manusl identification code,

b = Bearing (first subseript)

b = linear dimension, usually width

BEN = Brinell hardness number

Btu = Bxitish thermal units

c = Cotton reinforcement, as used in
material fdentification code.

c = Degree(s) Centigrate, temperature

[+ = Manual €, Primary Materials, as used in
Manual identification code,

4 = Sandwich cores, as used in process
identification code.

c - Chepped {when following other lower case
letter), as used in material identification
code.

< - Cloth, as used in wmaterial identification
code,

< - Compreasion {first subacripc)

c = Cycle

o™ - Contact molding, as used in process
identification code.

o - Centimeter

CcP - Centapoiges, measure of viacosity,

cmM = Continuous press molding, as used in
process fdentification code,

cu - Cubie

n = Deflection, particularly as uaed in
Manual IG.

D = Density, particularly as used in
Manual IG.

D = Diameter

D = Manual D, Material Systems, as used in
Manual idencification code.

d = 1linear dimension, usually depth.

dimen = Dinension

E = Manual E, Theoretical Anzlysis, as used
in Manual identification code.

E = Modulus of elasticiey

E Stiffness, particularly as used in
Manual IG.

e - edge or end diatance

e - Elongation

Ep - Epoxy resin, as used in material

identification code.
etec = And so forth

F = Degree (8) Fahrenheit, remperature

F - Force

F - Manual ¥, Processes and Tooling, as
used in Manuval {deatificaticn code.

£ = Fatigwe (secend gubscript}

£ = Filament, as vsed in material
identification code.

£ - Flexure or bending (firet subscript)

FI - Filament Winding, Class FI, Simple
presgure bottles with and without
integral end clpsures, as uged in
atructure clagsificatioen code.

FII
FIII

FIV

FbIT

ft
fe
ft
ft-1b

ft/aec

Glog
Gr

gr

T U0

Filament Winding, Class FII, Bottles
with end ports.

Filament Winding, Class FIIL,
Conventional styructural applications.

Filament Winding, Class FIV, Contoured

shapes.

Filament Winding, Class FV, Joining of

wound Atructures.

Fllament Winding, Classa FVI, Openings
in wound structures,

Fabric Winding, Class ¥bI, Shingle

wourd structures, as uged in structure

clagsification code.

Fabric Winding, Class FbII, Tape wound

structuresa, as used in structure
clagaification cede.

Foot, feet

Square feet

Cubic feet

Foot pounds

Feet per second

Filament winding, as used in process
identification code.

Glass reinforcement, standard E or
similar, a8 yged in material
identification code.

Manual G, Testing and Quality Control,

as used in Manual identification
code.

Hodulus of rigidity

Glossary

Graphite reinforcement, as uged in
material identificarion code.
Gram

High temperature, as used in material
identification code.

Horizontal shear, particularly as used

in Manual 1¢.

Hoop tenaion {first subscript)
Hour{a)

Hour s

Moment of {nertia

Initial property characteristics
Inside diameter

inch, inches

Square inches

Cubic inches

Maasure of straim, inches per inch
Inch pound(s)

Inches per winute

Intreduction

Kip{s}, 1000 pounds

Stress concentration factor

Thermal conductivity, particularly aa
used in Mapual IG.

Kilograma

Kips pet square Inch or thousanda of
pounds per square inch.

length

Load

Longitudinal

Span

Laminates, Glass I, Laminates as
igsotropic materials, as used in
structure classification code.
Laminates, Class II, Orthotropic
waterials in flat plates, as used in
structure classification code,
Laminates, Clase ITI, Buckling of
laminates.

Laminatea, Class IV, Laminates as
curved plates.

Laminates, Class ¥V, Joining of
laminates.

Laminates, Class VI, Openings in
laminates.

1A

ABBR
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1b
L/D
1y

.8-:!

AnHZR

n

Red
Ref
Rev
RH

Rot
R/P

Tpm

INTRODUCTION

linear dimensicn, usually length
Pound(s), welght

Span to depth ratic

glenderness radio, length divided hy
radius of pyration.

Constant

High modulus, a8 used in material
identiftcation code.

Metallic reinforcement, as used in
material identification cede.

Moisture content, patticularly as used
in Manual IG.

Moment, force times a lever arm,
bending moment.

¢constant

Maximum

Magacycles

Mean, as in mean stress

Military

winimm

Minute{s), tima or angular

Matched metal die process {same as PM},
as used ic process identification code,

¥ylon reinforcement, as used in
material jdentification code.
Kominal

Quteide diameter

Load, axial load

Page

Pressure, intarnal pressure
Proportional limit (second submeript)
Pressure bag aclding, particularly

as uped in procesas identi{fication code.
Post cure, as used in process
identification code.

Phenclic.resin, as used in material
identification code.

Ply, plies, aa in plies of reinforcement
in 2 laminate.

Press molding, as used in process
identification code.

press molding-contact pressure, as used
in process identification code.

Press molding-high pressure, as used in
process identiffcation code.

Presa moldinp-ageinst atops, as used in
procesa identification coda.

Polyester resin, as used in marerial
idenrkification code,

Parts per hundred

Parts par million

Pounds per aquare inch

Quality control procedure as used in
indexing code.

Total quantity of heat, particularly as
used 1n Manual IG.

Quantity of heat per unit time,
pattlcularly as uped in Manual IG.
Quality centrol

Radius
geress ratio in fatigue = oy, fo...
radius, radius of curvature.

Radius of gyration

‘Roving, as used in materisl idantificatjon

code.

Strain, particularly as used in Manual
I6.

Resin content

Reduction

Reference (s}

Reversed

Relative humidity, particularly as used
in Manual IG.

Rotating

Reinforced plastic(s), a combination of
reain and reinforcement such as glass
cloth, chopped fikers, etc.

Revolutions per minute

RT
RW

0w

51

8 IIT

5 IV

8
(=)
8
acr

5.E.
Bec

51

spec
ap g
§-N

8q

H

2

gvgﬂﬂﬁﬂﬂﬂﬂﬂ

H
g
-]

<o

Room temperatura
Roving winding, as used {n process
identification code.

Failure (ultimate) stress,
patticularly as used in Mameal IE,
Maximm fiber stress, particularly

ad veed in Manual IG.

Sandwich parts, as used in process
identification code.

Silica reinforcement, as uged in
material ildentification code.

Span, perticularly ag usad in Manual IG.
Standard test procedure, as used in
indexing code.

Sandwich Construction, Class 8I, Honey-
comb cores, as used in structure
classification code,

Sendwich Constructicon, Class SII, Foam
COoTes.

Sandwich Construction, Class STII,
Honeycomb pluas feoam cores.

Sandwich Construction, Clasa SIV, Paral
Parallel cores.

Secant (second subscript)

Secondary property characteristics
SheI; {first subsecript)

Sctew, a fastener

gelf extinguishing

Second{s), time or angles or
temperature

gilicone resin, as used in material
identification cede.

Specification(a)

Specific gravity

Stress ve number of cycles curve for
presenting Fatligue test reaults

Squarse

High temperaturs, &g used in material
identification cede.

Temperature

Test method, as used in indexing code
Thickness

Transveree

linear dimension, usually thicknesa
Tangent (decond subscript)

Tension (first subactipt)

Time

Temperatura

Tape winding, as used in process
identification code

Typical

Ultimate (second subscript)

Vertical shear, particularly as used
in Manual IG.

velan A finish on glass reinforcing
material.

vacuum beg molding, as used in process
{dentification code.

Yoid content

Width

Winding process, as uded in procesg
identification code.

Energy of distortion, particulsrly as
used in Manual IE.

Density, specific weight

Weight

Waven roving, aa used in material
identification code.

Cross laminated

Axes

Yield (second subscript)

Strain rate, particularly as used in
Manual IG.

R

o

i
i
L

ot e 3



5.03

5.04

5.05

INTRODUCTION

Greek Letters Abbreviati{ons

o -
& -
8 -
8 =
T -
P -
& -
€ -
] -
4] -
N -
T =
=] -
T -
$ -
& -

Angle

Helix angle

Axes, particularly as used in
Manual IE.

Angle

Shear strain

Change in
Deformation or deflection, particularly
ap used in Manual IE

Direct strain

Angle
sngle of load to major axis of
material

poiason's ratio

Summation or sum of
Stress, urit stress, direct streas

Shear stress

Angle
Angular deflection, particularly as
used in Manual IG.

Numeric Abbreviations

1 -
1 -
2 -
3 -

(Romen Numeral) Division I of the
Materials Application Handbook

General purpose, as used in material
identification code.

Improved mechanical or thermal
properties, as used in material
identification code,

Other catepories, as used Iln material
identification code,

Symbol Abbreviations

[4 =
/ -
x -
> Ll
' -

Degrees, angle dr temperature
Percent

Per, as in in/min

By, as in 5in x 3in

Plus or minus

Equivalent

Greater than, as in arh or a is
gTeater than b

Leas than, &8 in ach or a is less
than b




INTRODUCTION

SUMMARY SPECIFTCATIONS

General

This section will colleet all specifications
covering various amspects of reinforced plastics.
Since minimum reference to specificaticvns was
required in this first edition and since several
uvgeful publicaticns exiat on the subject, projact
efforts fn this area were delayed until a latter
edition is undertaken.



INTRODUCTION

SUMMARY GLOSSARY

General

This secticn will eollect all terms requiring
definftion or discussion to clarlfy their use
throughout the hendbook. In this first edition, a
minimum of such terms have been used. These ara
appropriately defined when they are introduced into
the text,

1A

GLOS

1ofl



MANUAL 1B BASIC DESIGN '




0.0
Q.01

0.011

0.012

0,013

0.024

0.013

.02

0.021

0,022

0.023

0.02

0.031

BASIC DESIGN

INTRODUCTION

Purpose of Manual

The purpose of this Manual ia to present various
procedures as they are particularly applicable to
the design of reinforced plastics as structural
materials. Emphasis is placed op these procedures
which are most componly accepted or which provide
simplification or time savinga in design work.
Application of theoretical analysis developed in
Manusl IE ie discussed in this Manual. In addition
helpful design charts and tables are included.

Included in this firsc edition of Manual TB ave
discussions of only the more hasic laminated
materials, Future editions will expand coverage
to tnelude additional material forms as well ae
typical appilications and the like.

The information included herein has been developed
from the results of published wark on research
programs and basic design texts, However,
coneiderable influence of asctual design procedures
as used within industry has been allowed where deemed
approplate and worthwhile. When future editions
expand writeups to include applicetion and the like,
the bulk af the material presented will be drawm
directly from industry experience and files on
actual performance data.

Where approplate, alternative approaches to design
are presented god discusseed, Also, suggestions are
made for the individual development of design aids
based on the user's own needs and desires.

It ia considered vnnecessary to devail each mathematical

or elementary atep in the development of a design
approach. These are left to the reader.

Identification Code

For purposes of organization and cross reference the
information presented in this Mapual is divided into
sections as indicated in the table of contents which
follows.

Each gection is coded to identify the structural

form of the material and the analysie involved. The
titles indicated in the table of contents will clarify
this procedure,

The coding system in this Manruval follows that wsed in
Manual TE.

Contents of Manual IB

This Manual ig divided into twe Parte and each part
further divided into Sectione as follows:

Section No. Subject
0.0 INTRODUCTTION
Part 1: DESIGN
2.0 TAMINATES, Class T, 1T
Taninates as Isotropic Materials
3.0 TAMINATES, Clasa L IT
Orthotropic Materiala in Flat
Plates
4,0 LAMTHATES, Clase L IIT
Buckling of Laminates
5.0 LAMINATES, Class L 1V
Laminates as Curved Plates
6.0 LAMENATES, Class L V
Joining of Laminates
7.0 LAMINATES, Class 1, VI
Openings in Laminates
20.0 FILAMENT WINDING, Class F I
Simple Pressure Bottles with and
without Integral End Closures
21.0 PILAMENT WINDIMG, Claes F IT
Bottles with End Ports
22,0 PITAMENT WENDING, Class F TII

Conventional Structural Applica-
tions

0.032

0.033

23,0 FILAMENT WINDING, Claas F IV
Contoured Shapes

24.0 FILAMENT WINDING, Class F V
Joining of Wound Structures

25,0 FILAMENT WINDING, Class F VI
Openings in Wound Styuctures

30.0 FABRIC WINDING, Clses Fb I
$hingle Wound Structures

31,0 FABRIC WINDIMG, Claas Fb IT
Tape Wound Structures

40,0 SANDWICH CONSTRUCTEON, Class 5 1
Honeycomb Cores

41,0 SANDWICH CONSTRUCTION, Class S IT
Foam Gores

42,0 SANDWTGH CONSTRUCTION, Claas § IIT
Honeycomb plus Foam Cores

43,0 SANDWICH CONSTRUCTION, Claas 5 IV
Parallel Cores :

Part 2: APPLICATION

102.0 LAMINATES, Class L II

103.0 TAMINATES, Glass 1 II

104,0 LAMINATES, Class L TIL

105.0 LAMINATES, Clasg L IV

106,0 LAMINATES, Glase L V

107.0 LAMINATES, Claas L VI

129.0 FILAMENT WINDING, Class F T

121.0 FILAMENT WINDIMG, Class F II

122,0 FILAMENT WINDING, Class F III

123.0 FILAMENT WINDING, Class F TV

124,0 FILAMENT WINDING, Class F V

125.0 FILAMENT WINDING, Class F VI

130,0 FABRIC WINDING, Clase Fb I

131,08 FABRYC WINDING, Class Fb II

140,0 SANDWICH CONSTRUGCTION, Claas § I

141.0 SANDWICH CONSTRUCTION, Class 8 I1

142.0 SANIWICH CONSTRUCTION, Class & TIL

143.0 SANDWICH CONSTRUCTION, Class 8 IV

Only the initial section on the design of Laminates,
Class LII is included in this first edition. However,
the Table of Contents will indicate future expanded
COVerage.

Each Section of this Manual is sub-~divided {nto major
subjects as follows:

Part 1: DESTGH

EBaragraph Subject
2.0 SECTION TITLE
2,01 Introduction
2,02 Design for Axifal Loads
2,03 Design for Plexure
2,04 Design for Shear
2,05 Deglpn for Load Combination
2.06 Desigu fox Load Duration
2.061 Short Time - Impact
2,062 Long Time - Creep
2.063 Repeated = Fatipue
2.07 Deaien for Environmental Effacts
2,071 FElevated Temperature
2,072 Llow Temperature
2.073 Atmosphere
2,08 Design for Concentration Effeces
2.09 Typical Design Chartse

Part 2: APPLICATION

paragraph Subject

102.0 SECTION TITLE
102,01 Intraduction
102,02 Description
102.03 Typical Applications
102,631 Past
102,032 Present
102,033 Future
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0.034

0,035

0.036

0,04

0.041

0,041,1

0.041,2

0,042

0,05

0,051

¢.052

BASIC DESIGN

102,04 Structural Analysis

102,041 Potentlal Loading Conditions

102,042 Potential Environmental Conditions

102.05 Typical Applicable Materials

102,086 Typical Applicable Production Methods

102,07 Typical Applicable Quality Control
and Testing Procedures

It will be noted that for each atructural
clagpification one paragraph number will always
indicate the same subject. This will facilitate
the use of this Manual.

It will be further noted that the section numbers

for Parts 1 and 2 parallel each other belng different
anly in the addition of 100 to those in Part 1 to
derive thoge {n Part 2,

For complete Table of Contents for the entire Hand-
book, see Manual IA,

Abbreviations and Glossary

The procedure for various symbals adopted In this
Mamual 1s 1dentical to that uwsed in Manual IE. The
system involvad is adoptad from accepted procedures
familiar within industry and research,

Standard symbols for design are as follows:

crogg sectlonal area
conatant

constant

Modulus of elasticity
Force

Modulus of rigidity
Moment of inmertia
conatant

Length

Constant

Axial load

conatant

Failure {ultimate) stresa
Thickness

Energy of distortion

EcoWHONAQAENO
=

R0 o e o X 0 w0 N 8 DU NN

£
=

LR Angles

Shear strain

deformation or deflection
Direct strajn

Polsson's Ratio

Sum of or summation
Direct stress

Shear stress

= Equivalent

1A aabEM @4

These symbols are modified by subdcripts relating

the symbal to a set of coordinate axes or classtifying
the symbol as to type of item identified, These

are claxrified in the text or as indiceced in Manual
1D, Iotroduction, Section 0,04,

For complete listing of all sbbreviationa and
definitions used throughout the handbook, see
Manual TA.

Information Soutces

Whare particularly important, the information source
is footnoted directly withirn the text,

A complete source index 1s gilven in Manual TA,
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3.0
3.01

3.011

3.012

3.02
3.021

3.021.1

3.021.2

3.021.3

3.022

3.022.1

BASIC

DESIGN OF FLAT PLATE LAMINATES

Introduction

This section discusses the design of Laminates

Class L IT in flate plate configurations. Class L IT
refers to laminates as orthetropic materials and
includes those laminates composed ¢f resin reinforced
with woven cloth of fiberous-glass or similar material.
A discussion of the theoretical analysis of this class
of laminates will be found in Section 3.0 of Manual

1E.

Glase reinforced plsstice are a group of modern
materials that have achieved wide acceptance in the
aireraft industry as atructural materials malnly on
the basis of their high strength to weight ratics,

The combination of materials discusged in this section
are orthotreplc exhibiting physical and mechanical
properties that vary according to the erientatien of
load direction with respect to that of the reinforce-
ment. Therefore, designers must always be mindful

of the directicn of the loading., On the other hand,
this property of these materials permita them to be
tailored to meet a wide variety of design requirements.
There are almost no factors related to design criteria
that increase the strength; all of them lower the
strength below the values ohtained at room temperature
under standard conditions.

Design for Axial Loads

Intreduction

When glass clath or filaments are used as reinforce-
meat for plastics, the resulting properties of the
combination provide strengths which make them
excellent lcad carrying materials. The strengths,
however, depend upan the orlentation of load with
respect to the direction of reinforcing. In addition
to this dependency, the stress-strain curve shows
some interesting characteristica. For some
combinations of resin and reinforcement, stresa

may be taken as proportional to strain up te fallure.
However, for cther combinations, the stress-strain
curve exhibits a break requiring twe proportionality
constants to define the relation between stress and
strain., These constants are known as the {nitial
and secondary elastic moduli; the secondary value
teing smaller than the initial wvalue. Specific
stress-strain curves illustrating the foregolng will
be found 1o Sections 3.03 and 3.04 of Manual ID.

Application of preload te a reinforced plastic
laminate may result im properties and in a stress-
strain curve that are substantially different from
thoge that are obtained under initial lcading. When
the effect of a preload results in an inerease in
the value of the properties, use of initizl valuves
will be conservative. On the other hand, If
preloading reduces the values, rhe design must be
based on the lower values.

Several possibilicies ewlst for the design of
members dubjected to axial loads. Cheolce of the
method must be based on the design data that is
avallable, the extent ta which loead conditlions ate
known, and the time available to complete the
computations.

Design Analyesis - Tensilon

The simplest mathod of design for axial load is
based on the generally known relaticonship:

A=
all
Where: A = Required cross-sectional area
F = Axial load to be carried
¥y = Allowable stress for the material

sub jected to the particumlar kind of
axial load involved.

I8
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3.022.2

3.022.3

3.022.4

3,023

LI

If the axial load is tension, the allowable stress lofa

will depend om:

a. The resin and reinforcing used in fabricating
the laminate (Tabular values of etrengths, ete.
of various cowbinations of resin and reinforcing
may be-found in Manual ID.);

b, The angle which the load makes ta the principal
axes of the laminate;

¢, The duration of the loading from short to long
time (See Section 3.06);

d. The temperature and other conditions of the
enviroument to which the mewber will be
subjected (See Section 3.,07);

e, The number of times the load may be repeated
{aee Section 3.06);

It should be noted that many of these factors have
net been evaluated sufficiently to provide the
gspacific information the designer needs to arrvive at
a deaign stress.

Example Calculation
Given: 5 K axial tenslon load applied at & = 45
PolGe (Selectron 5003/143-114, 26 pl, 0,25
in) laminate
Required factor of safety w 2
Reference: Manual TD -~ PolGc - Figs 3.031.2 and
3.061.1
Manual IE ~ LIT = Fig 3.051a, Eq 3.044,2
Ragquired cross-sectlional area and width and
the change in length under load.
Galculationa:
From Manual ID Flgs referenced above:
at B =0, ¢ w = 88kal and at © = 90, Gy = 8ksi
at 8@ = 0, a_ = 11kei
Prom Manual IEsﬂq 3.044,2:

Find:

4 4 2 2
1 _ Cos ¢ Bin & _ Sin & Cos ¢
K] 2 B s * s z ‘
45 o B Taa
i _ /4 1/4 1/4
7 " T * 7 Z
S (88) @ an
or 545 = 12.9ksi
(Ed. Note: This computation illustrates the

application of the failure equations developed
in Manual IE. Tt will be noted that Fig.
3.031.2 in Manual ID-PolGec gives a value for
9y, At B = 45 of 12 kal (+}. Thim glves at
lezat one indication of the validity of the
equation.)

With a laminate thickness of 0,25 in and a factor
of safety of n = 2:

3
A = ctufn 12873 = 0.775 8q in
therefore: width = A/t = 0,775/0.25 = 3,1 in...

Ans

Elongation may be determined by using Fig.
3.051a ic Manual IE which gives a value for
B, = 1.2 x 10% ksi; therefore:

45
P S = 0,0054 in/in
T WE Y D.I75w1.5wi08 .

Ans

When other factors menticned in Seetion 2,022.2 must
be considered in design, their effect will be ko
change the design stress from the value 12.9/2 ksi
used in this example, Elevated temperatures, long
term loading, wet environment or repeated loadings
will tend to decrease this design stress., Indications
of their affects may be found in the appropriate
sections of Manual ID and later in this manual.

Design Analysis - Compregaion
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2 0f 8 3.023,1 For short compression members, a deaign approach determine the properties in the direction of loading
similar to the foregoing may be applied. The for each laminate saparately, and then combined
Philadelphia Navy Yard has developed additional through the concept of the transformed sectien as Y
procedures for handling design through the use of outlined in Manual IE Section. In applying the e
charts which ate discussed in a later Section. tranaformed section concept to a composite laminate, v
the following exampls Lllustrates the approach. 4
&
3.023.2 when the compresslon member is long and slender, its 3
stability must be considered. For the present, 3.024.4 Example Calculation ;
Buler's equation for critical stress offers the
best approach to design in this case. This Given: Composite shown in Fig. 3.024.4 formed of
equation glves the critical bueckling stresa, Ot two laminates, "n" and “'p", each with a &
of a long, slender member as: different orientation, Laminate '"n" = &
) Polc (143-114)
B
: 9r = Ly? E, = 4,400,000 pai,
x . = 1,350,000 pat.
, Where: E = Modulue of Elasticity in ksi Epsn ~ 1,340,000 psi. §:~
i L. = Unsupported length of the member in " - 0.22 i
inches P ;
bt r = Radius of gyration of the cross- Heom .06
4
H section in inches
1 e ™ Stress at which elastic buckling is Laminate '"p" w PolGc (181-114)
imninent in ksi
E = 2,900,000 pai.
¥ For design purposes, a factor of safety, n, must be EQP 2,950, 000
. - - al. A
: applied resulting In c 4y Ucrh" However, o Bp [ P £
(allowable stress) cannot be greater than the 1345]} = 1,570,000 pai. :
B compressive stress permitted when there 1s no danger n = §,107 H
of buckling, PP H
5 ”aap = 0,097 .
H Since o 18 inversely affected by L, the values of
‘ L and edrresponding r must be chosen to make L/r Load = 10K axial tenafon applied along the .
: 4 maximum, x-axis (8 = o)

Width = w = 2 in,
3.023,3 Example Calculation

t =1/8 1n
Given: 2K axial compression load applied at B = 45 n
PolGe (Selectron 5003/143-114, 26 pl, 0.25 r_p,'z = 3/16 1
in) laminate (‘.__. n*

X
-~ . 3p° . o
L = 15 inches y B\ 60
Required factar of safety = 2 . "\ ‘\/
Vi
= ]
References: Manual IE-LTf, Fig. 3.05la £ | rs \ ; -

S— N

¥ind: Required cross-sectional area and width

Calculations: 3
Prom Manuwal IE, Fig 3.05la, E, = 1.2x107kel
and "r" for rectangular se%girm =74

AR,
s

u Ny

L

- w x 1.2 x 10° tm1/2 w=2in w=21in 4
o = - :
all L.2 2 (152
n & D FIG. 3,024,4 COMPOSITE LAMINATE POR EXAMPLE CALGULATION
where: r =¥I/A Hqt?— %
References: Manual fE-LIT
therefore: R 1.37 kst :i'
Find: Stress in eaAch laminate layar £
P 2 5
- <5 - 1.46 sq ‘ln. :
all Calculations: .
From Manual IE-LII, Eq, 3,041,9b, for laminate
therefore: width = A/t=1.46/0,25 = 6 in,..4Ans LU
3.024 Design Analysip - Composite Lamindtes Eot mot Ea .
: G_=E_'E—(1'”ﬂa)'u'“o43)
H 3.0254.1 1f the member is composed of a more than one laminate ap 45 6 B
! bonded together in a composite in such 4 way that ane 4¢4.4x10 ) 4.4 1-0,06)f1 - 0,22
: set of laminates have their propertfes oriented in - " 5 a5 (2-0.06)-(1 - 0.22)
one direction, and another set in another direction, 1.3 = 10 1.
the approach te design may be any ane of several = 9.26 g
posaibilities. »
i or Gﬂ'ﬂ = gE ™ 475,000 pei = GD:E, n
3 3.024.2 wWhen axial load is applied to the composite, the
procedures previcusly given may be followed if the laminate "p" similarly:
5 properties of the composite are knowm in the
: direction of load. These properties may most easlly G = 516,000 pal = G

be determined from a =imple testing.

From Manual IE-LII, Figs 3.05la and 3.051b design

charts:
3.024.3 When the properties of the composite laminate are not

o known in the direction of the loading, but are knowm

] for the principal axes of each laminate, the
4 equations or charcs of Manual IE may be used to :
3

el e e e
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Laminate n:
For properties abaut the x-axis, ¢= 30

I = D,448
EXY® < 1,830,000 psi.
o= 41,97

XKIL
nyn = 754,000 psi.

Laminate p:
For properties abour the x-axis, ¢= 60
uxyp = 0,459
E = 1,780,000 psi.
WP = 0,745
P = 0,949x106 pai.
X¥p
laminate n:
For properties about the y-axis, &= 60
W = 0.303
BV = 1,240,000 psi.
WD = 0,02
Giyn = 754,000 pai,
Laminate p:
For properties about the y-axis, ¢= 3¢
© = (3,457
7P = 1,770,000 pai.
WP w0, 728

P
nyp 949,000 psi.

Now the stress in each laminate may he approximated
by tranaforming the area of laminsce "p" to an
equivalent area of laminate "n' by use of Eq. 3.045.2
from Manual IE-LITI:

By 1.78
Equiv. An = Ap E—R =2 x 3/8 x =0.73 8q in
¥n

Actual A“ =2x 1/8 = 0,25

Hence: Total transformed area = 0.98 3q in
therefore:
o, = P/A = 10,000/0.98 = 10,204 psi..... Ans

From £q. 3.045.1 in Manual IE:

E
%R . 30,204 1228 & 9,925 pat....  Ans

%= 1.83

[+
P n Exn

Vhen a composite laminate of the type shown in
Fig. 3.024.4 is subjected to load, the interaction
between plies caused by the different physical
constants of the plies sets up stressea that are
more complex than the analysis presented in the
previous section reveals. If these additicnsl
stresses are deemed important, the procedure out~
lined in Section J.042 of Manuel IE {8 recommended.
The following example illustrates this:

Example Calculaticn
Given: Composite laminate and phyaical data used in
Example in Section 3,022.4.

References: Manual IE-LIT, Section 3.042

Find: Evaluate the total atress pleture if o, = 1000

psl for the composite degcribed.

Calculations:
Applying the previously computed physical data to
Eg. 3.042.4 in Manual IF, results in the evaluation
of the various conatants, A, as follows:

i 1 -6

All “E t + Tt = +5,85x10

¥n n XpP .
A12 = A21 = 2.651-:.1(?!_el
Ajg=ag, = 2.?2110
AZZ =+ 7.96x10

-6

A23 = A32 = -O.fgéxlo
A33 w= +13.43x10

3.03
3.04
3.05
3.06
3,081

3.061.1

3.061.2

3.062

3,062,1

3.062,2

Substitution of the values of these constants into
the equations results in the following set of
simultaneocus eguations:

Equaticen 1:
5.850_ - 2.650_, - 2.897 = 6000
xn ¥n xyn
Equation 2:
~2.65%5,  + 7,960 -~ Q.634T = =2750
xn ¥O xyn

Equation 3:

-2.890_ -¢ 0.6345__ + 3.87% = +2740
xn ¥n HyT

The s¢lution of these equations gives:

g =+ 1334 psi
s";‘ = + 138.3 psi
Xy = + 498 psi

The corresponding values for Laminate p may be
obtained by substituting the values determined
above into Equations 3.042.5 in Mapual IE. These
results are:

[2} = + B8Y psil

P = - 46,1 pel

oF = - 166 psi
xYp

Design for Flexuze
Deaign for Shear

Desipn for Load Combinations

Design for load Duration

Short Time - Impact

The Izod apparatus commonly wsed fer impact testing
of homogeneous materials has proven to be
unsatisfactory for use with reinforced plastics
becaugse they tear and shred, Modificatlons of

this method of test, such 88 the method using a
heavy falling weight directed at the center of a
simply supported plate, have resulted in slight, 1if
any, improvement,

Test results obtained by methods ewploying high rates
aof strain are more promising and as the strain rate
increases, the test approsches closer and closer to
impact conditions. Using this techoique, Richard Ely
has shown that this type of high speed'testing has
very marked effects on the tenslle properties of
thermoplastic materials. When strailn rates were
increased from 1100 in/in/sec te 5000 in/in/aec, the
maximum dtress increased from 6500 psi to 16,500 psi,
ultimate gtrain decreased from 22 e~ 12%, and little
change 1o strain enerpy was recorded. An inspection
of atregs-strain curves based on this data clearly
indicates that a considerable increase in the

modulus of elasticity must have taken place.
Advantage may be taken of this pbenomenon in design
under appropriaste loading conditiona.

Long Time = Creep

Reinforcad plasticd are in the category of visco-
elastic materials. Creep of all materials in this
category ig quite proncunced and becomes increasingly
wore impartant as the temperatuvre is elevated,

Creep tests show that at standard conditioms cloth
laminates endure sustained loade better than either
mat or woven roving laminates. When deaigning for
elevated temperatures particularly, a creep problem
may be encountered and common practice tequires
that the design stress be taken at less than 20 to
30 percent of the gtatic ultimate strength of the
material. A dtressed component, subjected ta an
aqueous envirenment, must be designed for even
lower stresses, Changea in creep characteristics
must also be expected. Furthermore, a cloth laminate
suffers greater lose Ip properties under conditions
of creep and moisture than either mat or woven
roving.

3 0f 8
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3.063

3.063.1

3.063.2

3.063.3

3.063.4

3.063.5

3.07
3.071

3.071.1

BASIC

In teets conducted at the Foreat Products Laboratory,
a specimen subjected to sustained load for one

year along the warp showed only 67 percenc of its
short-time strength., Tests carried up to four years
indicate that the curve of stress ve. time to failure
is a straight line on semi-log paper. These tests
were carrled aut for temsion, Elexure, and shear.

The relsticn between stress, atrain, and time to
failure appears to be a hyperbolic sine function of
stress and an exponential function of time.

Repeated =- Fatigue

Fatigue of a material results from frequent loading
and unloading over long periods of time. In the
case of metals, the most critical fatigue loading
occurs during ¢ycles creating complete reveraal of
strees. There is gsome indication that plastics
behave differently from metals in that they may tend
to deterlorate faster and under fewer cycles of load
when an initial preload has been applied. However,
there is also evidence Lo support the gppoeite
¢onclusien.

Fatlgue fracture may he a result of menufacturing
flaws, initial cracks, or other defects which serve
as the erigin of minute cracks. Continued application
of the cyclical loading causes these cracks te
propagate until failure occurs. Llatest theoriesz on
crack arrest indicate that stranded materials such as
glass fiber reinforced plastics are ideally suited
for interrupting the pattern that would otherwise
lead to failure. Faillure by fatigue may also be
caused by disrupting the bond between laminates,

but this type of failure is not documented at this
time.

In general, reinforced plastics exhibit a farigue
strength of 1¢ million cycles of loading that is

from 20 to 30 percent of their ultimare static
strength. Indications are that no endurance limit
exists for these materials, Mat reinforcement

yields slightly hipgher strengths when subjected to
repeated loads than does clath reinforcement. There
is a tendency for the differences io fatigue strength
caused by differencesa in reinforcement to diminish as
the number of load cycles increases; similar to a
tendency noted in various vesins. Forest Products
Laboratery researches have hypothosized, on the bsais
of these results, that the fatigue strenmgth of ell
laminates at 107 cycles 1lies between 5 and 15 k.a.l.

The number of cycles of stress that a specimen may
sustain prior to failure iz influenced c¢onslderably
by the angle of orlentation of fiber to load. Angles
not parallel to the natural axes of the materilal
accentuate the fatigue effects. This phenomencn is
evidenced by reduced specimen life and 18 of
perticular importance when a structural member is
fabricated from a number of laminates orlented in
different directiome, Early braakdown of the
element or lower fatigue strength of the part is a
result of the differing characteristics of the
composite.

Elevated temperaturss and water immersion each act
to teduce the expected life of reinforced plascics
when subjected to fatigue loadings. However, the
affact of temperature is less pronounced at high
levels of stress then at low levels. When the
temperature to which the member 1is subjected 1s
increaged from 70F te 600F at a high stress level,

a reduction of 50 percent in fatigue strength may be
expected., O the other hand, when the stress level
approaches that of the endurance atrength and the
temperature again i varied between the twc extremes,
the reduction in strength is between 60 and BD percent
of the original low temperature value,

Design for Enviroomental Fffects

Elevated Temperature

Tt should be realized that elevated temperatures
have a two way effect on strength:

4, The effect of the temperature per se, and
b. The effect of temperature combined with time,

DESIGN

This two way effect indicates that strength values
for low or room temperature conditioms are the only
ones really reliable for design purposes. These
effects are illustrated in Table 3,071.1 of some
typical flexural strength values:

TARLE 3.071.1

Laminate Flexure Strength - Uf-KSi
Hesin RT t 1/2 Hr Sustained
500F 500F
Epoxy 70 22 18
Phenolic 50 40 20
Polyester 48 30 17
Siticone 35 i5 15
3.071.2 It must also be realized that as more inforwacion

3.072
3.073
3.08

3.081
3.082
3.083
3.0%

3,091

3,092

3.092.1

and data are developad on the behavior of reinforced
plagtics when exposed to elevated temperatures design
may be based more reliably on strength values other
than for room temperature.

Low Temperature

Atmosphere

Desipn for Concentration Eifects

Hales and Cut-outs
Threaded Fasteners
Adhesive Bonding

Typical Design Chart

Introduction. In normal design work, varlous
procedures and caleculations often become quite
repetitious and routine. Alse, if a wide variety of
possible solution and data must be considered, the
time involved in "search and choose' can become
quite considerable., The organlzation of this
Handbook has attempted to reduce the foregoing time
a3 much as feasible, However, additional time
savings can be expected by use of appreplately
degigned charts and tables.

Charts and tables can be made to condense a wealth
of information into a concise usable format. Their
final design will be complately dependent upon the
data involved, the intended use and, perhaps most
important, the desires and ideas of the {ndividual
uger. Custom tailered charts and tables are often
much more valuable to the desipgner than those
created by others and considered as "astandard”,

This Section of Manual IE will present typical
charta which have proven valuable to others. These
mey be used directly by the reader or may serve as
nuclel for his own chart creation. The reader 18
alaso refered to Manua} IE and the analysia chartas
presentad therein, Future editfons of this Manual
will expand this Section.

P.N.S, Charts and Their Use

The P.N.§S. Gharts were develped by the Philadelphia
Naval Shipyard in an attempt tao combine many of the
factors effecting design atresses Iinte a set of
equations, tables and charts, Presented here are
those used to compute design values when long term
loads are applied at same angle to the natural axes,
The material presented herein is virtually identical
to thet supplied by the Philadelphta Naval shipyard
except that terma and sywbols have heen changed to
agree with those used in Manuala ID and IE ef this
hardbook.

- cang A

Ty

R T e

TR




3.0%2,2

3.092.3

BASIC

Fquations. The equations involved in the B.Y.5.
syatem are presented in two groups dependent oo the
range of leading angle to warp,

Curve Range: @ =15 to 75
c =0, (cT - Ky logt) (Cn + KD)...Eq. 3.092,2a

Interpolation Range 1: B =0 to 13

¢ =5, (G - Ry logE) (G + Ky !;-5- .. Eq. 3.082.2b
Interpolation Range 2: 8 =75 to 90
0 =, (€ - K, loge) (G, + 8 75y, gq. 3.092.2¢
a T D KD 15
In the foregoing:
c = design ultimate stress at angle 8, ksi
T, = Specified (allowable) design stress for a
given loading condition, ksi (Table 3.092.3a}
& = Angle of loading with respect to the warp
direction, degrees
t = time, hours
c, = Reduction constant for duration of lecad
(Table 3.092.3b)
Kt = Reduction coefficient for duration of load
(Table 3.092.3b)
¢ = Reductiom constant for direction of load
D (Flg, 3.092.3d)
KD = Reduction coefficient for direction of load

(Fig. 3.092.3d)
Tables and Charts

a, Specified (allowable) mechanical properties for
laminates ¢laas LIT, Teble 3,092.3a. Tt should
be noted chat the designer may choase other
"specified" values based on actual test resulrs,

Tt sheuld be noted that although Tsbhle 3.092.3a
provides specification data for wechanical
properties in Tension, Compression and flexure,
the following charts are expressly labeled for
compression,

b. Reductior constants and coefficients for
duration of load, Table 3,092,3b.

c. Mantissa of logarithum for various times,

Fig. 3.092,3¢,

d. Reduction constant and coefficienr for direction
of cempression loading, Fig. 3.002,3d,

e, Modified reduction factor for modulus of
elasticity in compression for duration of load,
Fig. 3.092.3e.

£. Modified reduction factor for modulus of elasricity
in compression for direction of lead, Fig. 3.092.3f,

DESIGN

TABLE 3.092,3a

SPECTFIED (ALLOWABLE) MECHANICAL PRUPERTIES

FOR LAMIFATES CLA45S LIT (SOURCE: P.N.5.)
T.aminate Allowable Strength - ksi
Grade Ciu Ten {edge) Uen (flat) Eg {flat)
Dry Wet | Dry Wet Dy Wet Dry Wet
1 37 == [ 33 28 50 45 2500 2300
2 28 -~ ] 25 23 37 33 2000 1800
3 20 - 121 19 31 27 1450 1250
4 14 - 117 15 23 20 1100 990
5 g -- |16 14 18 15 850 770
W 35 - |18 17 32 19 1650 1500
10
9
8
; -
6 .
y ]
5
4
w
g
' V.
g s
-
B4
2
‘I”d
e |
1
[] 0,20 0,40 .60 0.80 1.00

FIG.

TABLE 3.092.3b

3.092,3c MANTISSA OF LOGARITHUM FOR VARICUS TIMES

REDUCTTON CONSTANTS AND COEFFICIENTS FOR DURATION OF LOAD (SOURCE: P.N.S.)
Laminate Condition Tension Compression Shear
d
Grade (] CT KT CT KT e CT KT
1 Dry 0 0.790 .4059 Q 0,790 0.059 [-45 [ 0,790 | 0.039
Wet sl 0.742 $,0725 a 0.790 0.059 [ -45 | 0,774 | 0.0645
2 Dry Q 0,790 0.459 Q 0.790 0,059 [-45 | 0.790 | 0.059
Wet a 0,731 0.071 [¢] 0,790 0,059 [-45 | 0.775 | 0.065
3 Dry ] 0,814 0,0455 Q 0.814 0.0455|-45 [ 0.822 | 0,0475
Wet V] 0.748 0,086 G 0,748 0.086 [-45 | ©,748 | 0,086
W Dry 4] 0,857 0.037 0 0,859 0.0375]<45 | 0.857 | 0.037
Wet [¥] 0.780 Q.07% 0 0,780 4,077 {-45{ 0.780 | 0.077

sof §
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3.092.4

BASIC

Example Calculations

Example No., 1
Given: Grade 1, LIL, wet laminate with known allow-

able static compression load applied at
8 =0

Reference: P.N.S. charts and equations

Find: Design ultimate compression stress at & = 30
after 1000 hours wet exposure

Calculations:

Since 1599=30¢?5, use Eg. 3.092,24

] oa(cT - KTlogt) (CD + KD)

For explanatory purpcses consider the right side
of the equation as two parts depicted by the 0O's

Part a: The (G, - ¥ lopgt) tactor reduces the
ultimate stress from static conditions at B=0 to tha
ultimate srress at the desired duration of loading
and 0=0.

From Table 3,092.3b (Grade 1, compression, wet, 0=0):

0,790
0.059

T
KT
Also: Legt = log 1000 = 3.00

(Note: Fig. 3,092.3¢ may be used to find the
mantissa of the logarithum for other rimes)

Hence: (CT - KTlogt)r[0.790-0.059(3.00)I = 0,613

Part b:r The {C_ + KD} factor reduces the ultimate
stress from IGDB houfs conditions at @eQ to the

ultimate stress at the desired loading angle, @,

From Fig. 3,092.3d (Grade 1, compression, wet, B=30):

CD = 0,597 (Using Curve #2)
KD -0.020 (at 1600 hours)

Hence:

(G * Ky = [0.597 + {-0.020)] = 0.577

To complete the calculatien, v, is obtained from
Table 3.092.3a (Grade 1, compressian, wet, B8=0):

0, = 28,000 psi
therefore:

o = 28,000(0.613)(0.577) = 9,904 pei...0euu.. ADS

Example No. 2

Given: Same as Example No. 1
Reference: Same as Exampie No. 1

Find: Design ultimace compression stress at 8@ = 10
efter 1000 hours wet exposure.

Calculatiens:
Since 0<B=10<15, use Eq. 3.09%2,2b
- - 8
g =a, (CT KTlogt) (CD + KDIS)
From Table 3,082.3b (Grade 1, compression, wet, @=0):
= Q.
CT 750

KT = 0,059
Log © = log 1000 = 1.00

Hence: (CT - KTlngt) = [0.790-0.059(3.00)] = 0,613

DESIGN

3.092.5

From Fig. 3.092.3d (Grade 1, compression, wet, 6=10):

C., = 0.883 (Uaing Curve #2}

D
K, = -0.02¢ {(at 1000 hours)
L
) 10
Hence: (ED * Ry TS =[0.853+(-0.020)(15)] = 0.870

Again using g, = 28,000 psi:
g = 28,000 (0.613)(0,.870) = 14,930 psi..... Ans

The modulus of elasticity may be calculated in a
manner Slmilar to the foregoing Examples. However,
additional charts are presented hetein to reduce the
basic equation teo:

E=E, (@+0)

where: Ql = Modified reduction factor for duration
of load, {Fig. 3.092.3e)
Q, = Modified reduction factor for direction
of lead {Fig. 3.092.3fF)
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PRIMARY MATERIALS

TWTRODUCTION

Purpose of Manual

The purpese of this Manual is ra present detaited
information and data on various properties of the
primary materials, resins and reinforcements, which
are used in producing the material systems dilscussed
in Manual T. Emphasis i3 placed on the resins and
reinforcements most commonly used in structural
applications for aerovaspace vehicles, For this first
edition only minimal information 1s included, where
readily available, primarily to indicate plamned
format and coverage, The subsequent sections of this
Introduction discugs the contents and philosephy of
this Mappal in more detail.

Informarion in this Manual has been carefully chosgen
prior to inclusion. The following considerations
ferm the criteria for the choices made; the funda-
mental objective is to present only complete data
which satriafy all the criteria.

Material identificetion must be complete in
identifying the particular resin, including additives,
or the particular reinforeement, including finishes,

Any special varlations in the preduction of the
primary materials must be identified.

Test identification must be complete in identifying
specimen configuration, number of specimens tested,
preparation and pre-conditioning, test eavironment,
and test method, particularly variations from
standard methods which may have been introduced.

Source ideuntification must be complete in identifying
the primary source of the data, including Division

if a large organization, the type of source, l.e.
company, laboratery, government, etc., and the date
af the data.

To collate and correlate the data presented it is
essential to meet all of the above criteria. Very
iictle information has been taken from periodical
literature since the bulk of the ¢ritical information
required above is unavailable {n such sources. A
vast amount of non-published information is included
in the project flles but could not he included in the
cotrelations that follow becavse ane or more of the
above criteria could not be met, Attempts are belng
made to cowplete these data for inclusion in future
editions.

Every effort has been made to include only rellable
and factual information In this Manual to assist

the user in selection of materials and to confirm
design values for various properties., Detailed data
on individual materials may be readily obrained from
the supplier.

It is not the purpese of this Manual to recommend

one material over another. Exclusion or inclusion of
a material from a particular source 13 based only on
availability of data which meet the basic criteria

as lodicated above.

Identification Code

The various primery meterials are cross-referenced
by use of a code system which {dentifies the material
involved.

Resin Tdeatrification Code

Besin §

Resin identification:

Poe = Polyester
Ep w Epaoxy

Ph = Phenolic
Si = Silicane

0.022,2

0.022.3
0,023

0.023.1

0.023.2

0.023.3

0.023

0,03

0.031

0,032

0.033

0.034

Categoery identification:

1 = General purpose
2 = Improved mechanical or thermal praperties
3 = Other

Example: Pol = General purpese pelyester resin.

Reinforcement Identification Code
Reinforcement identificacion:

Cotton

Glass, standard E or similar
Graphite

Metallic

Nylon

Silica

b
vroaonBaq

Mz E o600

The above may be modified by upper case letters
following the capitals as follows:

= High strength
= High modulus
= High temperature

[ B

If not modified by the foregeing, the refnforcement
is considered as being baslc or 'standard",

Form identification

¢ = cloth
ce = chopped clath
f = filament
fc = chopped fllaments
r = roving
r¢ = chopped roving
w = woven roving
we = chopped woven roving
Example: Gec = Glass cloth, or GHrce = chopped high

strength glass roving.

The foregeing code identification system can be
readily expanded to include addirional {tems.

Contents of Manual IC

This first edition of Manual IC contains a skelatal
writeup on general purpase polyester resin anly.
Emphasis was not placed on this Manual duricg the
project pericd, However, the inclusion of one
section will serve to 1llustrate the type of
information which will appear herein.

Future editions will expand the writeup mentioned
above and will include many additional primary
materials.

For convenlence this Manual ig thumb indexed to
separate resins and reinforcementa. See thumb
index page at start of this Manual or in frontc of
handbook.

The data for each primary material are arranged
according te a definite system selectad for the
purpose of this Menual., The system used is almost
antirely identical to that used in Manual ID. It
will be noted that for each material one paragraph
number will always indicate the same subject. This
will facllitate the use of this Manual and the
crogss-referencing to other Manuale. A topical
outline for this system of data organization is
given below,

1. GENERAL

1.01 Deglgnation

1.011 Handbock Code Designation
1.012 Commercial Desigrations
1.013 Alternate Designations

1.02 Specificationa

1.03  Composition
1.04 Forms and Conditions Avaflable

1.05 Special Considerations

1 of 2
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0,035

0,04

0.041

0.042

0.05

0.051

0,052

PRIMARY MATERIALS

2, PHYSICAL AND CHEMICAL PROPERTIES

2.01 Thermal Properties
2,011 Degredation

2,012 Conductlivity

2,013 Expansion

2.014  Specific Heat

2.015  Diffusivity

2.016 Emissivity

2.017  Ablation

2,018 Other

2,02 Electrical Propertias
2.021 Resistivity

2.022 Conductivity

2,023 Dielectric Properties
2,024 Magnetic Properties
2.025  Other

2.03 Octher Phyaical Properties
2,031 Density

2.032 Water Absorption

2,033 Vigcosity

2,034  Coler

2.035  ODrher

2,04 Chemical Properties
2.041 Chemical Resistance
2.042 Fire Resistance Properties
2.043 Environmental Proparties
2,044 Other

2,05 Nuclear Properties

3. MECHANICAL PROPERTIES

3.01 Speclfied Mechanical Properties
3.02 Typical Mechanical Properties
3.03 Tengion Properties

3.04 Compression Properties

3.05 Flexure Properties

3.06 Shear_ Froperties

3.07 Bearing Properties

31.08 Creep and Creep Rupture Properties
3.09 Fatigue Properties

3.10 Elagtic Properties

o

FABRICATION

For complete Table of Contents for the entire
Handbook, see Manual IA.

Abbreviations and Glossary

Abbreviationa and symbols used for mechanical
property and other identiffcation are identical to
thoge used in Manual ID. See Seetion 0,04,

Manual ID.

For complete listing of all abbreviations and
definitions used throughout the harndbook, see
Manual IA.

Information Sources

Fach item of data presented {n source referenced
appropriately.

& complete source index is given im Manual IA.

Discussion, Future editions of this Manual will
incilude z general discussion of the outline (See
0.034) for various sections. For the present,
reference {s made to Sections 1.0 thru 4.0 of the
Introduction to Manual ID.
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PRIMARY MATERIALS

Po |

1 GENERAL 1o o Lof2
Glyco 0
1.01 Desipnationg \\ Poly- [ 2 & 9/
steri ..o 0 {1 0 -mem O+ 0
vation
1.011 Handbook Code Designation: Pol E\ ’0/ e Polyester Water
This code refers to general purpose, polyester Ho-i(m
tesins, disselved in sytrene, DMbasic
Acid
1.012 Coemercial Desigpnations - Interchemical Corp., IC-937
and DUREZ PR-115. FIt. 1.0331 POLVESTEXITICATION REACTION
1.013 Alternate Designations
g Y= -
1.02 Specifications q o (-): 0 o L.(_)i: o a 6_J v o
L S S g - R
(‘EI[F‘IIIi‘{“_Hfl-I Ci}'\-lI"L_J'}-II”“{fil‘I(I{U-
1,03 C osition . -
S =) SSRGS =32
1.031 General Chemical Compositicn - 100% reactive a . v o o o
thermosetting, unsaturated alkyd resin, dissoclved 0 i ."/‘ . % 9{_ . ls 7 e —— o
in sytrene manomer. U MW %Y Sl v OVl D Ve T Ve O
=) 5 W M)
1.032 Raw Mate¥lals - o - ~
Flo.o b.gdss
1,033 General Chemical Structure, See Flgures, 1.0331, Bl ATiD POLY -5V ResDifMOLOMER SOLUTION - GLEFOHL WURLZ
1.0332, 1.0333.
!
1.04 Forms and Conditions Available rl ‘:l'\,
Ty ¢ g oF o2 )
1.041 Basic Form = LIQUID. [ s T U ey Dy Ve GUT3 L o
Y
1.042 conditions Available (I\ /%' {
Ao t h
o 7q o D9 4y p
1.05 Spacial Considerations U.{*_—__u‘\*l‘o ;?_‘3"8—'2 ;-_—:)-\\7*'1 p— ,__J% o
1.051 Uncatalzed DUREZ PR-135 is stable for a minimum of 'l\' : 3 Ly
six months when stered at 73F or below. DUREZ PR- WY
135 may cause irritation. Avoid prolenged contact e
with the skin, Avoid prolonged breathing of vapor or Fli l.diss ) .
dust and use with adequate ventilation. N2 P00 LG POLTESTL e 51 /HOMNOMLR COPOLYM . - AFTLE (URE
1.052 I1C-937 resin should not be disturbed lumediately
after gelling in a lay-up mold. The part should
remain untouched for a short time or until it 1s
strong enough for handling without damape to the
construction, External heat (125F - 150F) can be
applied to hasten complete cure and final strength
or more cabalt and catalyst can be added 1f desired.
Bigh temperatures should be avoided until aftrer
the resin has gelled.
2 PHYSICAL AND CHEMICAL PROPERTIES
2.01 Thermal Properties
2,011 Degredation
2.011.2 Heat Distortion Temperatures: PR=-135, Z15F.
2,012 Conductivity
2.013 Expansion
2,014 Specific Heat
2.015 Diffuslvity
2.016 Emigsivity
2,017 Ahlation
2,018 Other
TABLE 2.018.1
2,018.1 Gelation, See Table 2,018.1.
2,02 Electrical Froperties Source Dure’zmlfll.a;t'ics Div.
| Material _ PR-135
2,021 Resistivity Test Method Durez Control Test thod #373
SPI Gel Time-Min. 4.3
2,022 Canductivity ‘Time to Peak Exotherine-Min 7.0
{feak Exotherm Temperature, F 406
2,023 Dielectric Properties
2.024 Magnetic Properties - Resin 18 non magnetic.
2.025 Other
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¥
H
3
%_

i 2 of 2 2.03 Other Physical Properties r
i £
H 2,031 Density H
; 2,031.1 Trpical specifie gravity, Table 2,671.1. TABLE 2.031.1 ¢
2.032 Water Absorption 4
4 — . &
i 2,033 Viscosity Interchemicel Corp, | :
b 1C-937 i
¥ 2,033.1  ‘Typical viscosity, Table 2.031,1. b
3 —— _
: 2,03  Color rookfield-cp 750
i 2.034.1  Typical color, Table 2.031.1. pecific Cravity 1.13 s
H 5

3 ¥

i 2.035 other olor, Gardner | =-—=
: i

2,04 Chemical Propertias 3
[ 2.041 Chemical Resistance 3
: s

i 2,042 Fire Realstance Properties H
2,043 Environmental Properties g

2,044 Other

2,084,1  Acid number of Bage Resin PR=135=18

2.05 Ruclear Properties

3 MECHANICAL PROPERTIES
3.01 Specified Mechanical Properties
3.02 Iypical Mechanical Properties

3.03 Tension Properties

3.04 Compression Properties

j.as Flexure Properties

3.06 Shear_Praperties

3.07 Bearing Properties

z 3.08 Creep and Creep Rupture Properties
i 3.09 Patigue Propertias

3.10 Elastic Properties
4 FABRRICATION
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0.0
0,01

0,011

Q. 012

0,012,1

0,012.2

0.012.3

0,012, 4

0,012,535

0.012.6

0.012,7

0,02

0,021

MATERIAL SYSTEMS

INTRODUCTLON
Purposc_of Manual

The purpese of cthis Manual is tw present detailed in-
formation aad data on variouns properties ol resin/
reinforcement systems. Emphasie is placed on the
systems most commonly used in structural applications
for aerospace vehicles, TFTor this first edition, we-
charical properties are stressed with minimal infor-
maticn on other propertivs ircluded where readily
available, The subsequent sections of this Introduc-
tion discuss the contents and philesopby of this
Mgaual in more detail,

Information in thls Manual has deen carefully chosen
prior to inclusien, The following consideracions

form the criteria for the choices made; the fundameatal
objective is to preseat only cowmplete data whick
satisfy all the criteria,

Material identification must be complete in icentify-
ing the particular resin, reinfovcement, Ifinish, cri-
tical additives, thickness aund the number of plies
where possible,

Process identification must be complete in identify-
ing the particular methed, pressure ranges, tempera-
ture ranges, time, post cures, and the like,

Test identification must be complete in identifwing
specimen configuration, number of specimens tested,
preparation and pre-conditioning, test environment,
and test method, particizlarly variations from stgn-
dard methods which may have been introduced.

Spurce identification must be complote in identify-
ing the primary source of the data, including DRivision
if a large organization, the type of source, i.e,
company, laboratory, government, ete,, and the date

of the data.

To collate and correglate the data presented it is
essential to meet all of the above criteria, Very
little information has been taken from periodical
literature since the bulk of the critical information
required above Is unavallable in such sources, A
vast ameunt of non-published infermation is inclided
in the project files hut could not be ipcluded in the
correlations that follew because ane or more of the
above criteria could not be met, Attempts are being
made to complete these data for imclusion in future
editigns.

FEvery effort has been made to include only reliable
and factual information in this Manual to assist the
user in selection of materials and to confirm design
velues for various properties. Detailed data on
individuagl material systems may be readily obtained
from the supplier.

It is not the purpese of this Manual to recommend ane
material over another, Exclusion or inclision of a
material from a particular source is based ouly on
availability of data which meet the basic criterla

as indicated zbove.

Identification Code

The varicus material systems are cross-referenced by
use of & code systen which identifies the tesin, appli-
cation category, and reinforcement for the system,

This simplified identification system may be illus-
trated as follows using PolGec as an example:

PolGe = Identification Code
Po = Regin identificatien, polyester in
this caae
1 = Category. general purpose in this
case
G = Reinforcement type, glass in this
case
¢ = Reginforcement form, cloth in this
case

Therefore, the example code abave identifies a general
purpose polyesterfglass cloth material system,

0,022,2

0,022, %

0.022,4

0,022,5

0.034

Code compopents assigned
Resin identification:

Polyester
Epoxy

= Phenolic
Silicome

Category identification:

1 = General purpose
? = Improved mechanical or thermal properties
31 = Other

Reinforcement type identification:

(3]
i

Cotton

G = Glass, standard E or similar
Gr = Graphite

M = Metallic

= Nylen

= Bilica

w =
[

The abaove may be modified by upper case letters
following the capitals as follows

H = high strength
M = high modulus
T = high temperature

'}

If not madified by the foregoing, the reinforcement
is considered as being basic or "staodard",

Reinforcement form identification:

¢ = clath

cc = chopped cloth

f = filamenr

fe = chopped filaments

r = roving
re = chopped roving
w = woven roving

we = chopped woven roving

The foregoing code identification system can be
readily expanded to include additional items,

Contents of Manual ID

Thig first edition of this Manual contains write-ups
on the following material systems:

EplGe
EplGE
PhlGe
PhlGE
PolGe
PoiGE
PolGe
511Ge

Future editions will expand these correlations and
include additional material systems.

For convenience, this Manual is thumb indexed by
regin {dentification. See thumb index page at start
of this Manual or ip fromt of handbook.

The data for each material system are arranged
according to a definite system selected for the pur-
pose of thie Manval, Tt will be noted that for each
material syastem one paragraph number will always
indicate the same svbject. This will facilitate the
use of this Manual and the cross-referencing te other
Manuals, A topical autline for this system of dats
organization is given below.

1.0 GENERAL

1.01  Degignations

1,011 Handhook Code Designation
1,012 Commercial Designations

1,013 Alternate Designations

1,02 Specificationg

1,03 Compesition

1,04 Forms and Conditions Availshle
1,05 Special Considerationsg

1of 8
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0,035

0.036

MATERIAL

2. FHYSIDAL AND CHEMICAL PROPERTIES

2,01 Thermal Properties
2,011 Degredation

2,012 Conductivity

2,013 Expansion

2,014 Specific Heat

2,015 Diffusivity

2,016 Emissivity

2,017 Ablation

2.018 Other

2.02 Electrical Properties
2.021 Resistivity

2,022 Conduckivity

2.023 Dielectric

2,024 Magnetic Properties
2.025 Other

2.03  Other Physical Properties
2,031 Density

2,032 Water Absorption

2.033 Other

2.04  Chemical Properties
2,041 Chemical Resistance
2,042 Fire Resistance Properties
2,043 Environmental Properties

2,05  Muclear Propertigs

3 MECHANTCAL PROPERTIES

3,01 Specified Mechanical Properties
3.02  Iyplcal Mechanical Properties

3,03  Tension Properties

3,031 Stress Strain Relatlonships
3.032 Physical Effects

3,033 Processing Effects

3,03 Environmental Effects

3,035 Other Effects

3.04  Compression Properties
3.041 Stress Strain Relationships
3.042 Physical Effects

3.043 Processing Effects
3, 044
3,045
3,05

Envircommental Effeccs

Other Effects

Flegure Properties

3,051 Stresas Strain Relatiounships
1.052 Physical Effeets

3.033 Processing Effects

3.054 Envircnmental Effects

3.055 Other Effects

3,06 Shear Propertics

3.061 Stress Strain Relationships
3.062 Physical Effects

3.063 Procaessing Effects

1.064 Enviroomental Effects

3.065 Other Effects

3,07 Bearing Properties

3,071 Stress Strain Relgtionships
3,072 Physical Effects

3,073 Processing Effects

3.074 Environmental Effects

3,073 DOther Effects

3.08 Creep and Creep Rupture Properties
3,081 Creep and Creep Rupture

3,082 Tatal Strain

3,083 Master Curves

3.084 Other

3.0 Fatigus Properties

3,091 8-¥ Curves

3,092 GStress Range Diagrams

3.093 Other

3,16 Elastic Propexties

3,101 Modulus of Elasticity in Tension
3.102 Modelus of Elasticity in Compression
3,103 Modulus of Elasticity in Flexure
3.104 Modulus of Elasticity in Shear
3.105 Other Elastic Constants

4.0 FABRICATION

Sections 1 through 4 of this Intreduction will follow
the above topical putline discussing the contents of
each subject heading.

For complete Table of Contents for the entire Hand-
book, see Manual 1A,

SYSTEMS

0.041.4

0,041,5

1,012

1,012.1

Abbrevigtions and Glossary

A defined procedure for mechanical Praperty symbols
has been adopted as standard in this Manual, The
following will illustrate this.

Standard symbols for mechanical Properties are as
follows:

E
G

[54

Modulus of elasticity
Modulus of rigidity
Stress or unit stress

iouoa

These symbols are medified by a series of subscriprs
as indicated in the following articles,

The first modifying subscript classifies the type of
stress or madulus involved as follows:

b = bearing

C = compression

= flexure or bending
h = hoop tension

s = shear

t = tensian

o

The second subscript identifies a subclassification
of the first subscript as follows:

vield {usually at 0,2% affset or at
actual yield point 1f idencifiable)

= ultimate

proportional limic

fatigue

secant {modulus)

tangent (modulus)

Tm oM G
noa I

In addition, hecause of the particular phenomenon
sometimes exhibited by reinforced plastics, imitial
and secondary characteristics are identified by i or
5 respectively in parentheses () after the property
symbol involved,

Example of the above caould be one of the fellowing

a, = ultimate tension stress ar strength

Usy = yileld shear stress

Ett = tangent modulus of elasticity in
tension

Ec(a) = secendary modulus of elasticity in
compression

For complete listing of 2ll abbreviations and defini-
tions wsed throeghout the handbook, see Manual IA.

Informatign Sources
Each item of data presented {s source refarenced
appropriately.,

A complete gource index is given in Manual IA,

Discussion. A general discussion of the outiine for
various sections follows with appropriate section
numbering,

CENERAL
Degignations

Handbook Code Designation. This article includes
a brief description of the material system invalved
and the code identifying same,

Commercial Pesignations

There are no spparent standard commerclal designations
for various resinfreinforcement systems, The code
designation system used in this Manual is an effort
at cleasifying or generally identifving these mater-
ials. It is anticipated chat standard designations
will be adopted eventually, These will be incorpor-
ated in this article at that time
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1.012.2

1,012

1. 022

L.03

1.04

1,05

MATERIAL

This article includes a few trade name designations
as examples of the various commercial materials con-
gpidered as being included in the handbook code indi-
cated in 1.011, This is not meant to be a complete
listing of all trade names which may fall into the
code classification in question. It should be noted
that many of these trade names are TRADEMARKED with
all righcs thereto retalned by the appropriate source,
In this Manual these pames have been used for identi-
fying purposes only. The reader should be governed
by trademark rules in his usage of such names, and
should contact the appropriate company owning the
trademark if there be any question concerning their
use,

Alternate Degsignations. In this first edition of
this Manuai there are no alternate designations
listed, At a future date, when standavd commercial
designations are established and included in article
1,012 above, the typical trade names will be moved
to this arricle as alternate designations.

Specifications

The basic specifications used in this Manual are the
Mititary Specifications (MIL} publighed by various
branches of the military services such as Army, Navy,
Air Force, etc,

Where appropriate, other accepted gpecifications, such
as those of American Society of Testing Materials
(ASIM), are included.

Composition, This article includes a summary descrip-
tion of the primary materials which make up the
material system in question,

Forms and Conditians Availsbie, This article indicates
in general the availability of the material system in
queation and the forms it may take. Such 1tems as
pre-preg, shapes, and the like are mentioned, In
future editions more detailed information will be
included in this section.

Special Consgiderations. Thiz article will include in-
formation orn such items ag storage, handling and the
like, Stressed here are particular problems which
may require special congideration,

PHYSICAL AND CHEMICAL PROPERTIES

Since the first edicion of the Manval emphasizes me-
chanical properties of material systems, only a mini-
mum of information has been included for the various
physical and chemical properties. Much of the data
on these properties in the project library are in-
complete in that they do not meet the basic criteria
mentioned earlier in this intreduction, Future edi-
tiona of this manual will expand this section as
deemed desirable. The reader is referred to various
other reports and handbaoks for detailed infermation
on these propetties. In reporting physical and
chemical properties of reinforced plastics systems
the commen British units are generally used by the
Armed Forces and industry in this country and this
system is followed here,

Thermal Properties. Included under this heading are
such properties as degradation, conductivity, expan-
sion, specific heat, diffusivity, emissivity, abla=
tion, and others.

Electrical Properties, Included under this heading

are such properties as resiagtivity, conductivity,
dielectric, magnetic and other. Because of rhe wide
spread use of reinforced plastics in radome structures,
some summary and specification data on dielectric
properties are reported in this section, Several
detailed reports are available on this property for
more definitive information.

Other Physical Properties, Included under this head-
ing are such properties as density, water absorption
and others. The effect of water absorption on various
materigl systems i8 guite important in considering
their sturctural application and, therefore, an effort
has been made to cover this property in this section,
The effects of water absorption on various mechanical

SYSTEMS

2,04

2,041

2,042

2.042,2

2,042, 3

2,052, 5

2,041

properties are included as appropriate in Section 3.0
of this Manual, Water absotption is reported both in
terms of percent chapge in weight (sw) and percent
change in dimension (A dimen, ), The effect of ex-
posure time ig included also

Chemical Properties. Included under this heading are
such properties as chemical resistance, fire resis-
tance, and énvironmental resistance,

Chemical Resistance. This property becomes very im-
portant when congidering the application of structural
reinforced plastic material systems, Both specified
and typical values for chemical resistance to certain
test fluids are inctuded here, These values are
reported in terms of percent change in weight (A w)
and percent change in thickmess {At), Little or no
information appears available at this time on che
chemical resistance of these materizls ta other than
the standard fluids, Resistance to gaseous consituents
will be included under environmental properties.

Fire Resistance. As with chemical resistance, this
is an extremely important property to consider in
applying these materials to structures, particularly
habitable ones, It is appatrent that more information
in this area is needed, Some terminology should be
clarified for this property as follows.

Ignition, "A combustible material will ignite when
the atmosphere reaches a temperature high enough to
start a self-gustaining exothermi¢ condition of the
specimen by the available oxygen". This definition
may be further broker down imte twe terma: (1) flash
ignition temperature: the lowest initial temperature
of air passing arcound the specimen at which sufficient
combustible gas 18 evolved to be ignited by a small
external pilot flame; and (2) self-ignition tempera-
ture: the lowest initial temperature of air passing
around the specimen at which, in the absence of an
ignition source, ignition will start of itself, as
indicated by an expleosicn, flame, or sustained glow.

Spread. Spread, a particularly important considera-
tion in habitable Btructures, is defined as 'the rate
and extent of flame {combugtiom) progression along
the material surface from the point of fire origin”,

Flammability. This term generally is used as an
alternate to "spread" defined above, It is usually
measured in terms of rate of fire gpread or inches
per minute.

Extinguishment, Extinguishment may be defined as the
cessation of combustion (burning) caused by environ-
mental conditions created by an external source or by
the characteristics of the fuel itself,

S5elf extinguiahing (5,E,)., This term refers to
materials which, due to their chemical composition,
will not suppart combustion or burning after ignition,
Mpat specifications establish a limit on either the
rate of spread of burning or the distance of spread
hefore cessstion of burning.

Envirenmental Properties, Structurzl plastics may be
uded in uwnusual environments, Although little report=-
able data is currently available, this section will
caver such environments as a vacuum, various gasges,
and the like,

Nuclear Properties, This first edition of Manual ID
does not include any date under this heading., How=
ever, its importance with respect to future applica-
tions of reinforced plastics is clearly recognized

and coverage of these properties is definitely planned,

MECHANICAL, PROPERTIES

The properties presented in this section include all
mechanical properties on which data are avallable,
including various elastic constants, The section is
subdivided inteo ten logical categories.

ALl strength quantities are given in ksl, i.e. thou-
sands of pounds (kips) per square inch. Most of the
data reported apply to the various formws commercizlly
available and to generally accepted processing con-
diticns, The effects of process varistions are re-
ported where feasible and in relarion to specific
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MATERIAL SYSTEMS

properties. The test methods used to obtain the
reported data are cross-referenced to Manual IG which
describes these in some detail,

Specified Mechanical Properties., Although thie Manual
is primarily a source of information te support design
analysis, an attempt has been made tu include apeci-
fied properties, The primary sources for these are
the Military Specifications established by various
branches of the Armed Forces, Most of these specifi-
cations are general in nature in that they do not

delal with apecific resin systems but rather with gen-
eralized groupings of resina, Some of the specifica-
tions give requirements for a variety of reinforcement
types. Roem temperature mechanical properties are

the core of the wmajority of specifications; however,
some list requirements for conditioms other than room
temperature, In mosC cases, both dry and wet proper-
ties sre specified, ipdicating the impottance af the
latter, The majerity af the specifications encountered
in this work ¢over only tension, compression, flexure
and elastic properties,

Typical Mechanical Properties, The primaty purpose
of this section is to present summary informatien in
s manner which will facilitate comparigon of different
basic varigbles, Also included are data which are

not readily plotted or presented in other than tabu-
lar form. The general variables considered are types
or weaves of reinforcement, processing procedure,
resin contents, defects and the like,

Some data from fuality control or process control
reports are included in this sectlon. As these rep-
resent actual production values for various properties,
they are considered particularly pertinent to this

typa of handbook, It is plamped that future editions
will contaln more of this type of informatien.

Thege rewaining sections under the heading of Mechani-
cal Properties cover individual preperties in detail,
Reported here are data resulting from cotcentrated
research efforts, carefully controlled test programs
or thoreugh studies of pertipent variables, The
general intent is to give as complete a picture as
possible on each praoperty and the factars which may
influence it.

Tersion Properties

Stress Strain Relationships. Included here are basic
atress strain data determined by accurate testing
procedures, The attempt has been made to isolate the
effects of test direction, various reinforcements and
test temperature,

Physical Effects. A variety of physical effects have
a major effect on mechanical properties of reinforced
plastics, Included in this section are data illustra-
ting the e¢ffecta of thickness, voids, surface prepar-
atlan, reinforcement orientation, stress raisers and
others on yleld and ultimate strengths when informa-
tien 18 availlable,

Pracessing Effects. This heading includes data which
jllugtrate the influence wf process variables on the
property involved. Such variations as process type,
preggure, time, temperature and additives are involved
in this,

Envirenmental Effects. As greater interest is evinced
in the use of reinforced plastics under conditions
ather than standard (room temparature and normal
relative humidicy, etc.), the properties of these
materials under other environmental espects become
more important. TIncluded in this section are avail-
able data 1llustrating the effects of temperature,
exposuTe time, weathering, immersion and other envi-
ronments on the property involved, As more informa-
tion in this area becomes available, this sectien will
be considerably expanded.

Other Effects. Included under this heading are data
indicating the effects of othar variables not ipcluded
in previous sections above, For example, prestreds-
ing a material under varicus conditions may show con-
giderable effect on the ultimate or yleld strength at
the ssme or other conditions., Datz on this are in-
cluded in this sectien.
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Compression Properties

See Sections 3.031 thru 3.035

Flexure Properties. Because of relatlve ease of run-
ning flexure tests, a large amount of data is appatr-
ently determined by this method. It is, perhaps, the
most frequent test run in quality or process control
programs. There is some evidence that mare scatter
regults from flexure tests and a few lndustrial amd
governmental contacts have questionad the usefulness
af flexure properties,

Stress Strain Belationships, For flexure, these
properties are best reported In terms of load versus
daflection, Hee also Section 3,031,

See Sections 3.032 thru 3,035

Shear Properties. A numher of methods for testing
shear have heen developed based an various theoretical
approaches, Most common in the data availsble ar
present are methods arriving at interlaminar shear or
panel shear, If care is teken in deslgning apparatus
to minimize the bending effects, the interlaminar
ghear test is a practical method of obtaining indica-
tions of the shear strenpth between laminations of a
reinforced plastic material. Forest Products Labor-
atory (1}, whe confirm this statement, indicate that
the angle of loading does nat appreciably effect the
interlaminar shear strength obtained by this method.

In an attemplt to obtgin pure shear, Forest Products
Laboratory {1}, based on previcus experience with
other materials, have developed a panel shear apparatus.

This method attempts to trapsmit shearing forces directly

along the free edge of the panel being tested. Al-
though agreement between the results and theory is

not as good as desired, this test is still indicative
of pure shear strength of the material., The footnoted
report discusses this in more detail,

Preliminary incomplere test programs {1) indicate
that the Johngaon Shear Test is not apparently reliable
for testing laminates reinforced with glass cloth.

See Bectionms 3,031 thru 3,035,

Bearing Praperties. In addition to the influencing
factors indicated in the discussion of the foregoing
properties, another factor becomes important when
considering hearing. This is the consideration of
the effects of various edge to hole diameter and end
to hole diameter ratios. These effects have been
studied in some cases and are presented where avail-
able, 1In reporting bearing properties ip this Manual,
the bearing areaz is considered to be equal to the
projected hole area or the product of hole diameter
times material thickness,

See Bections 3,031 thru 3, 035,

Creep and Creep Rupture Properties. These propertiea
are becoming more important beczuse of the continu-
ously Iincreasing interest in developing materlals to
withstand high temperature environments over a longer
period af time as required in newer aerospace appli-
cations, It is known that most materials, at mlevated
temperatures particularly, will generally deform or
creep slowly under load and eventually rupture. The
more accepted tests maintaln constant temperature and
load while deformation ia measured gs a function of
time. Common criteria far evaluating materials in
regard to their resistance to c¢reep iaclude the stress
to obtain a certain total strain {elastic and plastic)
at a particular time and temperature, or the stress
to obtain certain plastic strain (ereep) only,

(1) Forest Products Laboratory Report Wo. 1803, 1958,
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MATERIAL SYSTEMS

Because of the different nature of this property it
is subdivided for reporting purpases in a different
mannet than the foregoing properties, This break-
down {5 indicated in the following articles

Creep and Creep Rupture

Creep rupture strength {often called stress rupture
strength) is, as indicated above, simply the stress,
as a function of time and temperature, which caises
rupture, The significance of this property is often
minimized, Elongation in a creep rupture test is
also significant for application considerations; how-
ever, measurements of this are seldom reccrded or
taken during the test,

NHotched specimens are often uvsed in creep rupture
tests to reveal potential enbrittlement which may
accur within a certain range of temperature and time.

The many variables considered for creep and creep
rupture have led to the uge of different methods of
graphical presentation. In this Manuai stress is
plotted as the ordinate and time as the abscissa,
usually with one other variable as a parameter,

Total Strain

Total strain and creep can be indicated as the para-
meter on & normal stress vs. time cutve., However,
these data are usually reported in the form of iso-
chronous stress strain curves, The total strain at
a particular time is plotted as the abscissa with
the stress necessary to obtain the straian as the
ordinate. If the elastic component is deducted, creep
is cbtained, This is somewhat indefinite because of
the uncertainty regarding the modulus of elasticity,
indicated by the tangent at the origin ¢f the ise-
chronous curve

As of this writing, no information on creep or total
*strain is apparently dvailable. If and when these
data become available it will be presented in this
section,

Master Curves

Many attempts have heen made, particularly for metals,
to agsemhle creep and creep rupture information in a
single master curve, Although it is not yet certain
that the effects of temperature and time can be thus
subgtituted for each other, master curves can assist
the selection of materials and planning for more
specific tests,

When data suitable for presentation in this section
become available, it will be included in future
editions of this Manual,

Cther., Any creep or creep rupture Iinformation whieh
cannot be included under the above headings will be
presented in this article,

Fatigue Properties, These properties not only depend
on normal test variables such as condition, tempera-
ture, and the like, but alsc on additional variables
as well. These include: type of loading, limiting
gtresses, mmber of cycles, and specimen shape. Cycle
frequency may also become impertant under certain
conditions. A number of test procedures are avall-
able, including rotatlng beam, reversed bending and
axial leoading, Usually both smoath and netched speci-
mens are used in test programs. The axial loadieg
fatigue rest appears to be most commonly used for
testing reinforced plastic laminates.

Becauge of the different nature of this property, it
ia subdivided for reporting purpases in a different
manner than the foregaing properties, This breakdown
is indicated in the following articles.

&-N Curves

The most common method of presenting fatigue data is
by the uge of 5-K curves. These plot the alternating
stress to cause failure (S) a8 the ordinate vs, the
numker of cycles to fallure (K} as the abscissa
{usually & lag scale). This method is best if only
one stress ratip (sce next article) is used,

3,091.2

3,081,3

3.091.4

3,092

3.092,1

3.082.2

3,093

3,101

3.10L, 1

3.1¢1.2

3,101, 3

3, 104

Elastic Properties,

To define a series of fatigue tests, it is common
practice to use a ''stress ratio', R, which is defined
as;

R = P

a oL
max' ‘min
For example, if the applied stress alternates bhetween
0 and some tension value, R =w, If a =0 .,
m

then R = -1, ax mia

An glternate definition of the stress ratiec is often
used:

fa

A= % mf

1t

1
wheTe: Ualt(alternating stress) ~ 2 O " Tnin)

Py =1 (o +o .

mf(mear stress) 2 *max min
For example, in compating to R above, if R = w, then
A=1and if R = -1, A=w,

In reporting fatigue data in this Manual, either "R"
or "A" or both are indicated as appropriate.

Stress Range Diagrams

Often a series of fatigue data is developed for more
than one stress ratio. Such information is best
presented in a stress range diagram which plots alter-
nating stress as the ordinate vs, the mean stress as
the abscissa for a given number of cycles to failure,
This procure usually requires first plotting individual

3-N curves to determine the needid values for a specific

numher of cycles, usually 10, 10%, 103, ete,

The fatigue streangth can be derived from a stress
range curve by the following relatiomnship

= +
af(max) amf %ot

Where: uf(max) = maximum fatigue strength
Sof and Teqt 88 previously defined,
Other. Other fatigue informatlon which doee not fit

into the above articlaes will be included undex this
heading,

Under this heading not ocly the
clasgical elastic properties, but also the tangent
andfor secant moduli, when available, are reportad
This section is organized by the test methed involved
in obtaining the modulus such as tension, compression,
ete, Each of these is then subdivided according to
the type of modulus (elastic, tangent, secant, €C<.)
and the variables influencing same,

Modulus of Elasticity in Tensiom

The modulus of elasticity in tension is, perhaps, the
most important elastic congtant, It is normally
determined by the slope at the origin of the static
stress strain curve, This alope 1s often difficult
to determine, particularly at elevated temperatures,
Therefore, for other materials, at least, the dynamic
modulus is growing in acceptance because of inereased
reliabilicy,

For reinforced plastics, the stakic stress strain
curve often exhibits tuwe distinct portions which
are approximately straight lines, Therefore, twe
moduli, initial and secondary, are frequently deter-
mined znd reported, In this Manual, the data are
understood to be for the initial medulus unless
otherwise specified,

The tangent modulus is the siope of rthe stress strain
curve at each stress value considered,
te accurately determine the slope of any curve and

the reported values are therefore subject to variations.

Excellent graphlcal techniques are available to
minimize these difficulties, however,

The secant modulus is the slope of the straight line

from the origin to the stress vzlue considered, This
value is quite easily determined graphically and can

be mathematically calculated readily for any particu-
lar known stress and correspouding strain,

It is difficult
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3,102 Modulus of Elasticity in Compression ;

3,102.1 The static comptession modulus is theoretically equal
to the tension modulus. However, conslderable differ-
ences often exist between these values due Lo many
factors such as residual atresses, specimen varlations
and the like.

3,102,2 The compression tangent modulus is often preferred
for reporting purpeses Lo the compression elastic
modulus,

1,102.3 See also Sections 3.10L.1 thru 3.101.4.

} 3,103 Mpdulus of Elasticlity in Flexure s
’ 31,103.1 Due to the prevalent use of the flexure test for s
= reinforced plastics, a large amount of elastic modu-

B lus date has been developed from this method, The
game comments found in sectlon 3,05 pertain here.

22 Fziw ¢

3,103,2  See also Sections 3.101,1 thru 3.101,4,

: 3. 104 Modulus of Elasticity in Shear. Bee Sections 3.10L.1 :
thru 3.101.4. L

3,105 Othet Elastic Conatanta. As data become available
on othet elastic constants, such as Poissen's ratia
for example, they will be included in this section,
Poldson's ratio can, however, be ¢alculated readily 3
from the moduli of elasticity in tension and shear :
and, therefore, is not aften measured directly. ‘

4. FABRICATION

Although po information is presented under this title
in this firat edition of Manual ID, it is definltely
anticipated that future additions will add data in
this sectlon, The purpose of this section will be
twa fold., First to present a general picture of the
fabricability of the material system. Second, to
pinpoint the areas in which properties pay be adversely &
affected by fabrication techniques, Included will be s
5 such headings as Forming, Machining, Bonding and

% Fastening, Surface Treating, and the like.

i
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GENERAL

Designations

Handbook Cede Designation: PolGe.

Thie code refers to a general purpase polyester-glass
cloth laminate system; the resin being 100% reactive
and composed of unsaturated alkyd resins dissolved

in styrene monomer.

Commercial Designations.

Commercial designations are as indicated in data
reported in this section.

Typleal commercial designations ilnelude;
Selectron 5003/181, Paraplex P-43/181, Stanpreg V-P/
181, Polylite BDDO/181, etc.

Alternate Designations.

Specitications, Table 1.02.
Composition

Materials included in this section Are systems of
resin and reinforcement combined into laminates by
various processes, The aystem compesition includes
general purpose polyester resins and standard glass
cloth reinforcements,

For normal structural applications a resin centent of
30 to 40 per cent appears to be standard,

bDue to wide spread acceptance and use, 1Bl weave
glass cloth is used as a basic reinforcement for data
reporting.

Other material systems utilizing different resins or
reinforcements will be found elsewhere in this Manual.
Individual primary materials are described in Manual
ic.

Forms and Conditions Available

PolGe can be produced in shop by utilizing individual
reains, powder or liquid, and glass cleth in the wet
lay-up process,

Prepreg, B-Stage, material can also be readily secured
with & variety of compositions,

PolGe can be secured in a varjety of fabricated
shapes such as: flat, curved or corrugated sheets;
tubes; rods; or structural shapes inciuding Zees,
Tees, and Channels. Only properties of material in
gheet form are reported herein.

Due to inherent properties of this materfal, it can
be formed and produced in almpst any shape or size,

Special Considerations

Careful consideration should be given to the recommen-
dations and experience of material suppliet with re-
spect to handling, storage, processing and curing.

PHYSICAL AND CHEMICAL PROPERTIES

Thermal Properties

Thermal Degredation

Weight lass Jue to exposure to elevated temperatures,
Fig. 2.01l.1.

2,012 Conductivity
2.013 Expansion
2.014 Specific Heat
2.015 Diffusivity
2.016 Emissivity
2,017 Ablation
2.018 Other
TABLE 1,02
Source No. Title
Milicary | MIL-P- Plastic, Materials, Polyester Resim,
BO13C Glass Fiber Base Low Pressure
Laminates
Military | MEL-P Plastic, Laminates, Fibrous Biass
17549¢ Reinforced, Marine Structural
(SHIPS)
Military | MIL-R- Resln, Polyester, Low Pressure
1575B Laminates
Military | MIL-R- Resins, Polyester, Low Pressure
216G7 Laminating, Fire Resistant
(SHIFS)
ASTM D709-557] *Laminated Thermosetting Materials-
Grade G-3

* This spec does not ldentify & specific resin.

24

-
>

WEIGHT LOSS - %
@

Source WADC TR 53-491
Material PDL-7-669/181, 24 pl 0.25
Process | PM-15psi, 30 min., 221F + 3 br, 500P
Test T4, 015
1000 HR
200 /}
41/ ‘4/’
#
..

0 100 200 300 400 500

FIg, 2.011.1

TEMP-F

WEIGHT LOSS DUE TC EXPOSURE TO
ELEVATED TEMPERATURES
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Electrical Properties

Reslstivity
Conductivity
Dielectric Properties

specified dielectric constants and loss tangents,
Table 2.023.1.

Typical dielectric constants and loss tangents for
various PolGc laminates, Table 2.023.2.

Magnetic Properties
Gther

Other Physical Properties

Density

Typlcal specific gravity for various materials, Tatle
2.031.1.

Water Absorption

MIL-R-7575 specified water absorpticn after 24 hr,
immersion 18 0.53% max increase in weight.

Typlcal water absorptien for various materials, Table
2.032.2.

Effect of exposute time on water sbsorption, Fig.
2.032.3.

Effect of immersion time and prestress on water
absorption, Pig. 2,032.4.

Other
Chemical Properties
Chemic el Resistance

Specified chemical resistance to certain fluids,
Table 2.041.1.

Typical chemical resistance to certain fluids, Table
2.041.2.

Fire Resistance Properties

Combustion Rate. MIL-R-7575B specifies a maximum of
1.0 inch per minute as tested by T3.013 LP.

MIL-R-21607 specified flame resistance, Table 2.042.2,

Typical fire resistance properties of various mater-
ials, Table 2.042,3.

Environmental Properties

Nuclear Properties

TABLE 2,023.1

Source MIL-P-8013C J MIL-R-7575B
Test T5.032LP Avg of 4
Specified I|71T IIT Grade
Type (L) (2) A
Dielectric
Constant
Dry-Max - 4.4 L,2 -
Wet-Max - 4.6 | £.4 -
Lose Tangent
Nry-Mazx -~ | 0.045] 0,020 -
Wet-Max - 6,055 0,025 -
(1) 1 HMcC

{2) 8500 ta 10,000 MC

TABLE 2,023,2

Source Standard Republic
1957 | 1961 1958 1960
Stanpreg Sun
Material v-B/ |v-Paf|¥-72/ | CFR 321a/ |Hetron
181=V | 181-v | 181-¥ 150-181-V 92
0.125, 12 pl 0,12, 12 plf (2)
49
Teat T5.032 LP
Dielectric
Canstant
Dry 4,10 |4.23 ]4.2 3,99 4,07
Wet 4,10 | 4.37 | 40227 3,98 4,02
Loss Tangent
Dry 0,020 | 0,012 | 0.0104 | ©O,00222 G.0148
Wet 0,020 [ 0.913 ) 0,0117 0,00273 3.0318
(1} Avg of &
{2) Avg of 20
TABLE 2,031.1
Source Standard Repulic }Convair, 8D, 1956
1957 11961 1958
Stanpreg Sun Polylite SelecH
Material | ¥-P/ |V-P3/|V-P4/ |V-772/|CFR 321A 8000 tron
181-V] 182~v|181-V 181~V | 150-181-V|181-V]120-v| 5016
0,125 9.125}0.125)181-V
12 pl 15 pl)3¢ pl|0, 125
(1) | (1) J12 pl
n
Test T2.052 L¥
re 39,0 |31.6 38,2 40,3 [42,0 37.88139,131135.90
8p B 1,99 1,90 1.82] 1L.75 | 1.86 1.88f 1,751 L.79
(1) Avg of 3
TABLE 2,032,2
Source Standard Lonvair Fabricon
1957 |1962 1957 1961 15956
Stanpreg
Material|V-P/ |V-P1}{V-P3/|V-P4/|V-P72|Polylite Phenapreg
181-¥)181-v[ 181-V] 181~V |181-V| 8000 L-P 5002
0.125, 12 pl 181-v 120-¥! 181-v
0.125 0,125{ 0,125
15 p1 30 pl
1 (D
Test T2,072 LP
e 39.0 37,8 [31.6 |28.2 |40,3 137,88(39.13340 |34
to te
42 135
fat]
24 Hr
% max 0,09 0,260,116 0.05 0.2410.24
% avg 0.1
30 day
% avg 0.33| 0,28
A dimen
30 day
% avg 0.01| 0,0
{1} Avg of 3

H
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MATERIAL SYSTEMS

Soutce

FPL 1815, 1956

Material

Selectron 5003/181-114, 12 pl

0.125

Proceszs

PM, 14 psi, 220 - 25QF

Test

72,073

o7, 50% RE
®75F, 64%
ATSF, 80%

A 75F, 100% RH
0 100F, 1QQ%
@ 73F, Immerged
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Source

FPL 1856, 1956

Material

Selectron 5003181 Volan 4,12 pl
0. 125

Process

PM 14 psi, 90 min , 220 - 250F

Test

T2,073

prestress
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TABLE 2,04L.1

Source

MIL-R-7575B

Immersion
in Chemical
fluid (1)

MIL-H-5606
Hydraalic fluid
petroleum base

MIL-F-5566
Anti-icing fluid
isopropyl alcchol

MIL-5-3136
Test fluids
hydrocarbon
& iso-octane

Test

T3.042 LP

fay
% max

At
% max

0.2 0.1

0.2 0.1

TABLE 2.041.2
Standsrd
Source 1957 1961
Material V-B/181V Irv—93/181v |v-9¢/181v V-P72/181lV
Stanpreg, (.125, 12 pl
Test T3.0421P
Ic 3%9.0 3L.6 38.2 40.3
24 hr Ay At (2w (At 99, At |Aw | At
immersion| % % % k4 % % % %
Hydraulic 0.11] 0,00 0.01 [ .04 .00 | + +
oll 0.006 0.02
Anit-icing | 0.02] 0.00| 0.04 | 0,02 - 0,00 - +
fluid 0,011 0.02] 0.01
Ethylene 0,47 0.00] 0.04 ] 0.09 + 0.00 - -
glycol 0,121
Hydrocarban| 0.01} ©0.00| 0.00f D.0&4 | + 0,00 - +
fluld 0.064 0.05) 0.01
TABLE 2,042,2
Source MIL-R~21607 (SHEPS)
Material Polyester (MIL-R-7573, type 1)
glass cleth (MIL-Y-1140, style 1000)
0,5, 40 plies, Volan A
Process PM-5, 15 pei, 15 min, 212F + 24 hr, 212 F
Test T3.015LP
Class A - Translucent B - Opaque
Ignition time-sec 55 min 70 min
Burning time-sec 125 max 65 max
TABLE 2,042.3
Source Bouglas Standard
1957 1T 1961
Material Vibrin V-P/lBl-VI V-P3f | v-P&) | V-PT72/
144/181 181-v l181-v | 181-¥
Q.125
Stanpreg, 0.125, 12 plies
Property and
Method
Flammability
T3.013 LP S.E S.E. (2) S.E.
T3.011 ASTM S.E. (3} | 5.E.
Flame reglstance
T3, 015 LP (1)

(1} g, after immeraion shall be reported,

(1) HNo ignition after 600 sac

(2) 0.46 inch per

minute

(3) S8.E. - self extinguishing

ID

Po | Ge
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Po | Ge
¥ —— TABLE 3.011
&4 of 36 Source MIL-§-8013C
Material Polyester/glass cloth - 0,125 + 0,010 4
Property (1) Glass cloth designakion
P Tesk Specimen [ 112 or| 116) 128 or | 143 or | 162 | 164 or | 181 or |} 182 or | 183 |1B4 or 3
4 120 128-1501 143-150 164-150 | 181-150 | 1B2-15D 184-150 2
: Ty min ~ksi | 16,019Lr | Type II 40 | 40 40 80 40 23 40 43 43 43 :
i wet (2) -ksi 38 38 38 75 38 30 38 40 40 40 -
§ 3
& =ksi -
; Tow MY by ket | 16.02210 3 {31 B s |16 | 22 35 32 |30 | 26
Y 3Q 27 21 45 15 20 30 29 27 23 2
Jgys WD -ksi 3
wet (2) ~ksi | T6.032LP 50 45 45 20 35 a5 50 50 45 45 :
Eg, min-1000  kai 45 40 39 8 30 30 45 45 40 40 4
L

wet (2)-1000 £
kel | T6.0321F 2.6 | 26| 2.8 4.7 | 22| 22 2.7 2.6 [z.6] 2.6 ;i
2.5 | 2.5 2.5 4.5 2.1 2,1 2.3 2.5 2,5 2.5 :

(1) All values minimum for average of 5
{2} 2 br in bolling distilled water or, if results &re questionahle, 30 day socak in RT distilled water

4
g
£

3. MECHANICAL PFROPERTIES
3.01 Specified Mechanical Properties
3011 MIL-P-B013C Specified Mechanical Properties, Table
3.011.
J.012 MIL-P-17549C Specified Mechanical Properties, Table
3.012.
3.013 MIL-P=7575B Specified Mechancial Properties, Table ‘
3,013,
3.02 Typical Mechanical Properties ;
3.021 Typical mechanical properties of PolGe Laminates
with various cloth reinforcements, Table 3,021,

3.022 Typlcal Mechanical Properties of PolGe Laminates,
Table 3.022a and 3,022b,

4
¢ 3.023 Typical Mechanical Properties of Cross Laminated and
-‘E Combination Laminated Pol¢c Laminates, Table 3,023,
3 3.024 Typical Mechanical Properties of PolGe Laminates Pro-
duced by Various Processes, Table 3,024,
3.025  Typical Effects of Resin Contents on Mechanical Prap- Table 3.913
erties of PolGc Laminates, Table 3,025,
3.028 Typical Effects of Outdoar Weathering under Different Source MIL-R-7575B :
Conditions on Mechanical Properties of PolGe Laminates,
Table 3.0286. Material Polyester/181 - D.125
3.027 Typical Effects of Defects on Mechanical Properties of | Process P4, 10-30 psi
PolGe Laminates. Table 3.027, Test Conditions
TABLE 3,012 Property (1} Test Standard | 160F Qutdoor
after | Weathered(3) ¢
1/2 hr | 90 days | 1 year i
Source MIL-P-1754%C (SHIPS) H
Tpys o ~ksi | T6.013LP 49 - - - ¥
Material Polyester/glass cleth wet{2) «ksi Type 2 38 - - - v
Property (1) Test Grade 1 |[Grade 2 Grade 3 Ogys min -kaf Té6,022LP 35 - - - ,:
181 or = 1000 or = | 1044 or = wet(2)  -kai 30 - - -
o mta ket 7e.0tie 37 28 20 Ogpr MO -ksi | T6.032LF 50 40 45 45 £
tu? - 45 - - - %
Type 1 wet(2) kai H
Cour B ~kslf T6,622LP 33 25 21 ]
ew B2)  okai ey 23 L9 Eg, min - 1000-kei | T6.032iLP 2.5 2.3 2.5 2.5 ]
wat{2)-1000 .5 - - -
Gg,y, in ~ksi| T6.032LP 50 37 31 =ksi £
fu wet(2) ksl 45 33 27 Hardness BHN | T6.063 55 - - -
EE, #in=-1000 -kei| T6.032Lp 2.50 2.00 1.45 rc ‘% | T2,042LP to be
wet(2)-1000 2.30 L.80 1.25 ;-
=kei Sp g T2.052LF reparted L
rc, range % T2,042LF 35 to 43| 42 to 52| 49 to 39 (1} Avg of 5
(2) 30 days in water
ve, max % T2.081 1.5 2 3 (3) Samples shall show no cracking, c¢razing delamination, notr

any other visible deterioration after exposure,

(1) Mechanicel properties avg. of 5, re & ve avg of 3 {4) op, after fmmersion in chemical fluids shall be reported,
. r

(2) 2 hr in boiling distilled water See Table 2,041,1
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TABLE 3,021
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Po | Ge
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Fuutce FPL FPL FPL 18204 FPL FPL FPL 18204
18204 FPL 1821,1961 1821a 1960 1823 1803 1560
1960 1959 1958 1956
Material Selectron 5003/Gc-114
81 112 116 143 le2 164 181 181 181 183 57x
0.230- Bé4pl 70pl 26pl | 0.257 0.257- D.261- ¢.25 | ©.250 Q. 244 - 0.24]1-
0.233 16pl 0. 244 0,265 23pl 25p] 0,246 0.243
23pl 16pl 23pl 14p1 36pl
, L3 pei,
120 min
Process FM, 14 psi, 100 min., 220-250F 220- | 265F PM, 14 pai, 100 min,
BIP, 0.B% 250F | (1) 220-25Q8
(D)
Test FFL (3}
Property e Dry Wet Dry Dry Dry Dry Dry Wet Dry Wet Dry Dry Dry wet Dry wet
rc “% - 33.4~ 44.9 | 36 31.3 | 41 37.3- 37.4- 2.7 | 36 36,4~ 38.3
Y44 7.8 3B.1 37
Sp 8 - 1.85 1,70 1,83 1.85 1.72 1.8- 1.77 1.75 1.82 1.85 1.77
g =ksi |0 50.16 | 42.2 '-’02.7(1 47.0 | 89.B5; 37.6 |35.13 |29.27| 43.17 | 36.91 [ 42.94] 45.46)] 51.83 | 44,580]72.04 | 62.2]4
tu 45 21.04 | 12.38 | 20.6 ) 22.8 14.0 16.35 | 18.96 | 13.86f 19.08 | 14.12 | 20.76{ 19.77] 21.120f 14.06 | 15.06 | 10,69
90 49.8 |38.3 | 38.7| 46.7 10.75) 20.6 [31.30 |24.5 | 38.8 {30.98 46.16( 48.2 |40.94 | 14.6% | 11.3)
g (1) ~-kei (D 8.09 8.09 11.8 6,82 7.94 7.21 5.4 B.22 |B.17 11.92] 8.47 8.61 ]18.64 |[32.09 25-4'.#
tp 45 4.61 | 3.34
90 B.B4 §7.7 9.8 B,20 | 2.65 | 4,56 |5.66 |4.74 | 6.70 ]6.52 8.6% | 6.79 |7.05 [3.0 2.56
G (8) ~ksi jO 29.0 | 24.B1 ] 29.5| 29.3 | 61.70| 19.75 | 17.90 11.08f 31.66 | 23.96 [31.04] 31.16| 28.02 | 24.73 | 58.11 | 48.34
tp 45 2.67 2.3% [3.76| 3.74 | 3.89 3.46 | 2.59 2,67 3.01 2.33 7.12 4,92 }'3,03 2,09 2,88 1,96
D] 28,94 123,95 27.01 33.1] 8.46 10,20 t 14.61 19.22 25.15 | 19.86 31.56)] 25.98 | 21.16 [ 10.68 | B.97
“c ~ksi {0 41.31] 25.93 36.8% 28,9 | 52.00| 19.30 | 24.26 |13.39] 44,52} 21.97 | 43,22 43.96] 37.11 | 20.42 | 60.58 { 37.06
v 45 22,15 20.29
90 37.71 | 22.69 ) 32.9 26,45 21.9 18.30 | 21,81 12,79/ 39.38 | 22.49 41.54] 35.15 | 20,37 | 23,5 16.7
9 yr storage| 0 42.3 24.0 46.3 40.4 58.9
“c ~ksi {0 29,35 | 22,56 | 23.25( 17.95| 36.7 11.25 | 13.84 { 7.18 | 26,59 | 15.61 | 32.43| 31.394 27.28 | 15.18 { 40.1 33.9
L 45 5,03 | 6.83
20 29,44 | 17.84 | 21.6 17,65 11.4%] 10.20 [ 13.53 | 6.91 23.5B | 13.26 30.88] 23.05 [13.12({ 12.4 | 4.01
Syr storage [0 19.0 12.25 21.35 21.7 33.9
ac (0.2%) ~ksk O 41.31 3 25.93 | 36.85 28.9 52.00] 19,10 §24.26 {13.13] 44.52) 21.97 | 43,22 43.96| 37,11 ]20.52 | 60.58 ) 37.08
¥ 45 11.42| 13.25
920 37.71) 22.69 | 32.9 26,45| 20,65 18.30 | 21.81 |12.57| 38.66 ] 22.49 41,54 35.15 | 20.37 | 22,97 | 14,69
"f ~kai | O 53.35] 35.48 | 58.25( 43.8 | 93.55} 35.0 |37.54 | 25.44| 56.49| 35.28 53,44 {34.93 | 87.21| 57.02
v 9 47.9 31.85| 48.35 38.80f 1B.10] 26.9 34,0 |22,92f 31.85| 50.58 50,23 | 34,79 | 21,51} 18.68
Uf ~kai 10O 42.50 | 19,27 | 31.0 | 28.65{ 83.30{ 17.2 18.38 | 10.02] 39,41 25.91 31,53 19,12 76.02| 49,12
P 90 41,221 22,431 26.45 26.30} 5.62 11.3 116,52 | 9.4 | 26.28] 22.88 24,58 | 17.76 ) 7.97 5.38
'If (D.27)=ksi| O 53.35 | 35,48 | 58,25 43.80] 93.55; 32.55 | 34.65 | 21.26] 56.10] 35.28 52.12 | 34,93 ] 87,21 5?.0J
¥ 90 47.49 | 31.85) 48,35 38,55| 10.30] 22.85 | 30.86 | 18.96| 50.32| 32.29 50.7 34,631 16,48 | 11.8
f’m -ksi |0 12.44 13,6 11,45 12,15} 11.7 11.37 10.41
";p ~ksi 30 2,0 1.92 | 1.66 | 2.52 | 2,22 |2.18 1.95
*’“(0.21) ~kai|Q 4,15 4.07 3.42 | 4.6 4,B1 |4.96 4.13
Et(t)—IOOORsi [} 3.28 2.88 2,69 § 3.57 2,74 |2.59 2,83 | 2.73 %é% 3.11 (3.0 4.06 | 3.84
45 .
90 3.17 3,02 }2.64 ) 2.95 1.89 2,48 12.24 2.77 } 2.44 3.2 3.11 2.73 1.42 1.16
Et(l)-IOODkBi L] 2,63 | 2.18 2,39 3.01 | 5.69 2.3 2,15 2.18 2.26 2,46 2.56 2.63 3.75 3.56
45 2.08 1.2 1.54 1.83 1.66 1.81 1.1% 1.87 1.28 1.69 1.28 2.08 1.36 | 0,92
90 2.6 2.61 2,24 | 2,66 | 0.44 1.95 1.85 2.07 1.94 2,35 2.30 2.6 0.61 0.58
Ec -1000-ks1 {0 3.53 3.0 2.82 3.20 5,18 2,82 [2.85 2,38 3.10 | 2.78 3,074 3.16 3.24 3.33 5 4.24 | 4,12
435 1.77 1,99
90 3.32 | 2,67 | 2.83 3.12 1.59 2.10 |2.59 2,26 | 2,82 | 2.58 2.39 | 2.95 3.32 1.65 1.37
3yr storage |0 3,62 2,87 3.1 3.62 | 4.34
Ef =1000~ksi |0 3.06 13.04 | 2.59 2,86 | 4.75 2,47 2.42 2,42 12,58 | 2.37 2,99 3.04 | 4.12 3.79
20 2.6% 2.66 | 2.4 2.69 1l.44 1.720 12,16 J2.0B | 2.59 2,17 2.69 2.69 1.42 1.26
& ~1000-ksi 0 0.589 0.66 | €,570} 0.76 | 0.580 | 0,566 0.679 .62 0.672 &, 54
45 to to to 0.607 to to
90 0.693 0,623 0.726 1.16 | 0.687 0.584
Rardness 68 69 71 70 63 66-69 67 69 66-69 67-69
Barcol

(1) 1.6% 50/50 Tricreoyl phosphate and BZP

{2) Same as

(1} + 3.3% 0y

{3) Avg of 3 or more



| ¢
‘1D SYSTEMS i
MATERIAL SY
i 6 TABLE 3, 022a
4
a M Source Douglas 1857 Standard
1 1957 i 1962 | 1957 {1361
2 6 of 36 Material Stanpreg
v-P/181-V V-P1/181-V | V-P1Af82-V | V-P3/181-V V-P4/181-V B-72/181-v
0.125-0.131, 12 pl 12 pl 0.123,7 pl | 0,125, 12 pl ! €.125, 12 pl | 0,135, 12 pl
1 Process VB, 1.5 hr, PH-5, M, 30 psi, VB, 30 min [ VB, 30 mie,| PM, 30 psi, PM, 30 psi, B, 5=60 min,
4 270F 1 by, 275F }60 min, 275F |280F 275F 20 win, 150F | 10 min, 270F | 26QF
Test ATA (2) LP-406 (2) :
% Property Dry Wet(1) | Dry | Wet{1)|Dry Wet Dry |Wet | Dry Wet | Dry Wet Dry Vet Dry Wet
; re T 44,5 39.0 37,8 37,7 305 | 3 38.2 40.3 _
) 1,82 .85 19 1.82 1,75
4 S g 1,69 ; . 1 B
; ¢, -kt 51,9 [ 50,1 |50.7 |47.4 50,1 52.4 [ 45.1 [43.0 |42 |5L4
1 u n
—— i
a -ksi 52,3 | 38.2 |26.64 36,12 45,80 17.1 | 41,6 | 3.9 |[a4.1 {429 N
H cu i
: I —_— %
o “ksi| 67.9 [39.1 64,1 54 73,4 | 66.5 |54.3%52.35 60.07|5z.6 75,1 ] 66,2 | s8.5 [55.8 len.z [60.9
E u
3 (1) -ksi ] 73, 61,3 47,4 :
% Oy (3)-ksi 69.1 2 :“
k-
x 5 160F 3
b ™ st | 31182 29.3&2) 48.6 44,4 52.6 55.2 i
i c ‘ i
t fu? 200F 31.1 29,3 i
£ =ksi : ! i
i i
E,., 200F 5 i
; £ 7 ke1 | 2.54  2.68 3.00 2,71 ;
i ag, kst l 47.0 48.3 58.5 9.5
] .%
; E (1) -1000 2.9 |2.8
ksi
E-1000 kst 3,23 | 3.05 3.3 | 320 [ 2,66 [2.23 {32 |31
Ef~(3]—1000 2.8 4.0 2,49 2,68
ksi
Eg, 160F 2.3 4.0 2.51 2.8
2 ~1000 ksi
B -1000kas | 2,942 2,65(2) 3 g3, (2
% Hardnens b
H Barcol 68.5 &0 68 <] 68 [
% TABLE 3.022b E
é Source Douglas Fabricoen WADC FPL
: (1) 5 hr beil 1957 TR 53-491 1623, 1958
E (2} 200F Material Vibrin 144/ Phenopreg | Plasken gi??{?ﬁ;
i {3) 3 mos putdaor 181-v LP6002/ 911-11/ 181-114
5 veathering 0.122-0,125 | 151-v 181-114 29 o1, 0.35
0,125 23 pl Pl U
:é (4) Avg of 3 or more a. 25
Process PM-5, 1 hr, | BM, 15- PM, LS psi |PM, 14 psi,
] 275F 200psi or | 32 min, 220F |90 min, 220F
i 0.2% BZP VB, 10-15 |+ 3 hr, 500F
:g min, 275= 1% Luberco
5 300F ATC
4 Test ALA-ARTC(1) LE-406 (1) FPL (1)
Property Dry (Wec(2) } Dry { Wet Dry Dry
ro -% 8.8 | -- 40~ - 35.8 40,6
42
Spg - -- . - -- - L, 76
g ~Ksi - - sL.2) 53,1 5 £2.55
Ten -Ksi -- -- EET R 35,45 31.83
ey -Ksi | 66.1 [59.8 7a.2| 65.7 41,1 --
cpy{ 200F) ~ksi 28,9 [ -- -- - . -
{ 500F} ~Kal R B -— | --- 32,9 .-
: E;  -1000Ksi - |- 2| a2 2.48 --
E¢(200F) -1000
Kai - -- 2,87 --= --- --
(500F)- 1000
Ksi - |- e[ we- .71 .
Hardness R R 3
Baxcol - - bl - —— 71

(1) Avg of 3 ar more (2) 2 by boil
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TABLF 3,023
Source FPL 1821, 196l FPL I848 | FPL FPL FPL 1821-4, 1959 FFL, 1B21,
1960 1823 1821 1961
1958 1961
Material Selectron 5003
112-114 | 116-114 117-¥ 143-114 112-114 facing '+ 162-114 core 112-114 + 143-114
84 pl 70 pl 0,247 26 pl Q.262 0. 264 0,260 Alternate
XL X1 XL XL 1-16-1pl 6-14-6pl 11-12-11p1 | 21-20 pl
Process- PM, L4psi, 100min PM, 7psi, | PM,13psi, 1’1{,- 14 psi, 100 min, 220-250F
220-250F 90 min 120 min BZP, 0.8%
BEP, 0.8% 220-250F 220-250F
BZP,0.8% {3)
Test FPL (1)
Property ] Iry Dry Dry Wet Dry Dry Dry Dty Dry Dry
2)
re -% (- 44,9 |36 28.2 33 31,3 41.1 42 42 J4.6
Sp g - - 1.7 1.83 1.88 1,81 1.85 1.71 I.71 1.71 1.84
Gtu ~ksi { O 39.15 | 45.3 54.7 53.32 48.3 51.2 35.6 36.05 37.9 79.95
45 21,05 22.35 18.8 16,0 16.4 16.2 16.5
5 39.5 144,75 L 51.05 19.9 22.4 24.3 18.65
a, (1) “ksi |0 0.7 | 7.11 12,72  7.11 6.4 B.1Z 8.4
P 45
90 3.5 7.25 7.25 4.33 4.66 5.52 3.13
“t (5) =kai {0 23.7 0.2 32,751 30,2 18.5 2G.95 4.5 59.6
B 45 3.25 | 3.8 3.85 2.58 2.58 2,38 3.56
90 25.05 | 27.35 27.35 11.75 12,85 14.75 14,35
Ocu -kal | O 8.6 | 28,9 46,84 | 37.24 37.58 34.0% 23.9 22.10 23.40 50.1
90 37.05 ] 28.9 41.05 21.75 21.45 23.25 25,45
9yt storage ~ksi [ O 21.0 24 23.4
Uc -kai | O 23.35 | 14,55 2§.85 19.5 16.95 16.45 16.75 39,00
P S0 18,25 ] 19.30 21.B 15.7 7.3 17.80 14.30
9yr storage 0 13.2 14.4 13.00
Uc (0.27%) -ksi O 38.6 {28.,9 37.58{ 33.25 23,90 22,10 23.40 8.6
¥ 90 37.05 | 29,2 40,85 21.75 21.45 23.25 37.05
Ufu =ksi |0 51.45 [ 43.20 34,65 38.8 43.75 55.05 86.40
90 51.5 | 41.15 61,10 28.8 33.75 27.8 28.00
Uf ~ksl [ O 25,495 1 31.19 32.45 24,55 24,05 28,2 75.2
L4 90| 27.30 | 27.65 34.00 | 12.2 15.25 14.95 8.34
C’f $0.2%) ~ksi [ G 51.45 | 43.20 51.4 38.6 43,75 54.65 86.4
¥ 90| 51.45]41.15 60.4 26,125 33.75 36.8 17.15
Oon -ksi j O 14,45 | 11.30 4.32 | 4.09 14.1 10.3 10.85 10.9 11.7
Interlaminar  -ksi | 45 5.11 ] 4.86
Usp -ksil | O 2.38 1.64 2.57 2.24 2,16 2,54 2,38
asyco.zvz,) ~ksi | O 4.52 3.55 4.9 4.93 4. 58 4,85 4,74
Er_(i) =1000 ~ksi ) D 2,45 3.06 2.63 3.1 2.76 2,67 2,69
20 2.66 [ 3.17 3.0 2.04 1.96 2.10 2.19
Et(s) 1000 ~ksi {4 2,12 2.76 2,24 2,82 .37 2.25 2.24 5.07
g0 2,25 2.78 2,75 1.38 1.40 1.49 0.99
9yr atorage~1000-ksij O 1.46{ 1,69 1.7 1.43 1.35 1.53 1.68
EE -1000 -ksiy @ 2.51 2.86 2.91 2.69 2.68 2,73 4,32
90 2,53 2.86 3.16 2,0 2.11 2.27 1.76
G ~1000 ~ksi J O 0.57 0.62 a.63 0.570 0.356 8.51 0.67
Hardness 69 il 68 &5 70 69 69 69 2
Barcol

(i} All avg of 3 ar more
{2) 2 Hr beil
(3) 1.6% 50/50 Tricrenyl phosphate and BEZP containing 3.3% oz
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MATERIAL SYSTEMS

TABLE 3.024
Source Convair, 1956 FPL 1848, 1960 Convair
1957
Material Palylite 8000/ Selectron 5003/ Selectron
120-¢ 181-v 112-v 181-v, 23pl 5016/181/v
0.125 0.125 0.250 0.244 0,217 0.192 0.125
30pl 15pl 92pl 12p1
Process B, 10-12 psi, BM, 10 pat, PM, 90 min, 220-250F, 0,B% BZP VE, 12 psi,
2 hr, 190F 90 min, 1 he, 170F
(2 (3} 220-250F (4) + 1 he,
0.8% BZP 5 psi 4L 14 psi l 50 pai 250F
Test LP-406(5) FEL(5) 1e-s06¢%?
Property @ lory |[Wet | dry | wet | Dry Wet(l) | Dry wWee(l) | Dry wee(l) | Dry Wee(l)| Dry Wet
re -% F9.1 37.8 39.7 17.2 32.2 26.5 35.9
Sp 8 L.75 1.88 1.75 1.79 1.86 1.94 1.79
% -ksi |0 fu#.6 |45.5] 51.B) 50.1] 46.36 | 48.49 | 50.92] 47.85 | 55.70] 54.05 | 58.1 | s57.99 | s0.7 | 42.7
“. -kai [0 [50.8 [a0.7] 51.4f 40.2]| 49.52] 38.96 | 46.9 | 41.56 | 43.44( 38.1 | 44.82) 34.06 [ 44.3 | 38.1
45
o -kel |0 [68.4 [63.4] 74.4] 59.7 66.9 | 55.8
fu 43 :
osu ~ksi 25
Interlaminar) 0 5.49 | 5.08 | 4.8 | 4.7 4.78 | 4.9 4,71 | 4.16
45 5.46 | 5.75 [ 5.26 | 4.55 |6.23 | 5.8 6.12 | 5.82
B, -1000kef}0 [4.3 12.9 | 42 | 3.2 2.9 | 2.7
E(150F)
-1000kef 0 .3 2.9 [4.1 ] 3.2 2.9 | 2.7
Inacdness parcel [r2 69 69 68 71 73 78

{1) 2 hr boil

(2) 0.25% cobalt-napthanate + 0.5% MEK peroxide
(4) 0.4% Selectron 5823 + 1% cumene Hydroperoxide

(3} 0.07% cobalt-napathanate + 1% MEK peroxide

{5) Avg of 3 or more

;
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TABLE 3,025 9 of 3
Source Convair, Pracess Control Report, 1961
Material Polylite 8000/181-¥ Paly 2/R/181-V
0,125 0,125
Process PM TVB PM ! VB
Test LP-406, Awg of 5
re % 1 27.4 | 35.6036.7 136.9 [39.1]40.1540,7 358 |36.3}4L.0 | 27.3 |33.1 |35.8 [36.4 | 37.9 35.6 [38.7
Spg 1,94 L.¢f 1.9| L&) L8| L8} L8 .8 | 1.9} L7 .8y 1,818 1,7] L9 L7 | L7
g kel

dry 41.2 [46.11 48.2 ba5.1 |38.8]42.2(48.8 [36.1 {50.2 (41,7 | 47.5 149.2 [4B.1 ]41.1 (42.B 40,4 141.3
wetk 37.0 044, 9] 45.2 |44, 0 §39.5 {419 44,1 [35.8 j42.3739.9 | 43.1 }47.2 |47.4 [38.1 43,9 | 34,5 (31, %

o -Kai

eu dry 46,5 | -==- | 59.7 | 57.6 |50,6 | 56.5| ~--- |52.8 [35.4 [35.5 | 4L.2 j49.0 29.7 147.8143.3 | 31,3 125.3
wet 0.7 | ==~=]59.9 | 3.9 ]35.8] 49.1] ~==- 92,9 b21.1 | 30.0 | 32.9 |47.8 |24.6 |44 4 | 33,3 [ 22,3 |16.4

og,Kel

dry 67.3 b74.00 63.4 | 69.5 |6L.9) 64,4 61,3 |63.3 [65.1]167.0 ] 62,2 |[%6.2 [54.2 |66,0 | 64,7 3l.4 (4.3
wet 60.9 |66.6] 54.3157.6 §55.2])63.3] 44.8 [55.2 }47.1}158.5 | 60.8 |62.6 ]56.0 |51.4 | 5B.7 33,9 {346

£ 1000Ksl
dry L4 24l 3.4 4.1 2.9] 40] 34 2.4 2.8] 2.3 2.7 4.1 ] 2.9 3,2 3.0 .41 2.1
wet 1.1 3.2 3.3} 4.1 2.7] 3.2 3.2 2,41 2,61 2.5 2.7 41} 2.7 3.0) 2.8 P 1.5
Hardness
Rarcol 72,01 70.0{ 68,0} 68.0 (60, 0| £5.0] 68,0 }62.0|67.0] ~~=- 70,0 | 35,6 |58.0 160,01} 70.0 | 47,0 | 356
TABLE 3,027
Source FPL 1814, 1960
Material Selectron 5003/181-114, 12 pl
Process PM, pressure indicated, 100 min, 220-250F
TABLE 3.026 test T6,013 LF and Th.023 LP
DEFECTS
Spurce MIL-Bandbook ANC=17 Part 1, 1955 Property None | Resin  Content Wrinkle in Burt }Lab
High Low |Low one purface JointqJeints
Material Selectron | Selectron Plaskon Dryply 43% 31%  [38% Shallow fDeep
5003 5003 911-11 81
Garan {RT-getting) Garan Garan cure press
Garan -pai 14 4 la 50 la 14 14 14
Test T6,013 LP and T6.023 LP t =in 0,122 | 0. 14% 0,140, 104 0, 127 0,131 {0,126 ;0.123
- ta to to to to
3 yr out- 0,1287 0.145 ] ©,113 0,131 0,128
door
weathering No. spec 8 8 8 8 [ [A 6 [
conditione |Arid | Salt| Temp- | Salt | Temp- | Salt | Artic| Sal
grate ergte O -Ksi 30.05] 41.51 53.10(56.18 | 40.10 34,70 {23,81143.96
Oy ol 41.3] 44,1 42,3 46,1 143.0 | 39.2 |45.8 |41, 1
th(i)-l(sl 7.65¢ 6.3 6,76} 8,11 9.1% 7.28 6.25| 7.25
change from
contral - % |-12 -6 ~4 +5 -1 =10 |+20 |48 ﬂtp(B)’Kﬂi 33,31 26,96 33.44137.05 | 27.2¢G 26.20 | 19.33]28.62
Oo, -~Hel [40,7] 49.7] 52,0 | 53,9 |52.2 | 45.8 [54.8 aa_‘J % =Ksi 31.93| 33.81 | 29.04(28.2 3. 83 23.25 33,79 131,55
change from %ep =Ksi 21.66 | 22,84 | 23,27(18,88 19. 36 19,30 [ 23.97 |21.42
control - 7 | +7 +31 | +48 +54 +6 +21 |+64 |+39
E(1)-1600
Kai 3.33 3,09 3.71 4.0 3. 14 2,92 3.07{ 3.3%
Ec(s)-IOUO
Ksi 2.B1]| 2.52 3,14 3.3 3. 84 2,68 2.73| 2.97
EC—IODD Ksi 3.29] 2,97 3.59] 3.79 3.23 313 3,111 3.6
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¢ 10 of 36 / A Source | FPL 18204, 1960
181 183 i
0.263,.28 pl t om0 0.245, 18 pl / lag Material 321::;:2;:303
¥ 40 # / 114 finish
/ / 7 Piocess |PM, 14 pei,
; / 100 ming 220-
| / 90 / / f 250F
: 30 LA i /1 ‘4 Test T, ALALP
/ / / me—— DT 3
7 / / ——— — Uet
20
/ / 45 A
45 - :
/ - iy
o -
4 d
| 57X gL ! 164 :
0.242, 36 pl 0,231, 23 pl 0,24, 16 pl
/
] 2
% 60 7
} o0
/ /
Lh] = £
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/ ;
/] VAL
40 i Jf 7 il
7/
3 7 £
30 / I a 4
3 ’ h // ,.%}
20 / /< / Pad
' 4
90 /— / // 4 £
) T
_,ﬂ"’:; l “'—,-" 45 ){ /4 _,ﬂ""i:- - i
10 ] - " - 3
- ) L = ’/ ‘,r“- i
C = b s // / Teuslon 5
0
1.0 ] STRAIN - % :

FIG. 3,031, 1 AVERAGE STRESS STRAIN CURVES FOR PolGe LAMINAEES WITH VARIOUS CLOTH REINFORCEMENTS

3.03 Tension Properties

3,031 Stresa Strain Relationships

3.031.1 Averasge stress strain curves for Pol@c laminates with
various cloth reinforcements, Fig. 3.031.1.

3.031,2 Average stress strain c¢urves for PelGe lawminates at
various angles 8, Fig. 3.031.2,

3.031.3 Envelopes of atress strain curves for typical PolGe
Llaminate, Fig. 3.031.3.

L HEDTID % o0 A 2 ATt Y Ay e R Tt g

3.031.4 Stress strain curves at room and elevated temperatures
for typical PolGe laminate, Fig, 3.031.4.

3.032 Physfcal Effects

3.031,1 Effect of thickness on tension properties of PolGe
Laminates, Fig, 3.032.1.
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9 T Source Douglas, 1955 11 of 36
1 ] FPL 18034, 1956
A o1 5 = of SouTee 8034, Materlal | Selectrom 5015/181V, 0,125, 12 pl
t e Material |Selectr 5003, Gc
rc,1381.63 av N indteated 114 Process VE, 1 hr, WOF+l hr, 225F+16hg3p0F
80§ 5P&_+ av finish 5o jTest T6. 014
Process jPM, 14 psi, lhr,
250F -
Test T6, 013 LP
70
40 /
60
|~ 400F
Lo W
50 o 500F
( il2
0.25, 8 pl .o
Jrc, 42 av =
sp gl.7 av 90 20
%0 v/ 7,
15
» 1] P A
/—-4— 10
max'
/ /%
20 / max Tansion
: 0
45 / T 0 0.5 Lo L3 2.0

=1 J/
10 175 FIG. 3.031.4 STRESS STRAIN CURVES AT ROOM AND
’/: - ELEVATED TEMPERATURES FOR TYPICAL PolGe LAMINATE
| 0
Tension
o 1
e 1,0 = STRAIN = %

FIG. 3.031.2 AVERAGE STRESS STRAIN CURVES FOR PolGc
LAMINATES AT VARIOUS ANGLES o,

Eource FPL 1863, 1957 Source FPL & 1807, 1960
Material | Paraplex P-43/181V, 0.131, 12 p}, 0 18248, 1955
re 39.2 av, Material ®114,0, 8% BZP
Pracess | FM, 10 psi, 20 min, 220F + 70 min, Selectron 5003/1 v
OF
& Process P, 14 pat {.1 kr, 250F
Test T6,0L3LP -~ Np, 2 » P ©90 min, 220 - 250F

— 0, 5t'd cond,
el dhl £ L u e Test T6. 031LP

—— B w45 RT, immersed

30 av, Max. 5Q ¥
[

/J Ty

L)
40

40

30 a0

’ b Srp (B)

Kai

— =
20 L=k, o — E
- ’_‘ a— 20
Lo rar’
//"‘P’ R B o (L)
o= -
10 LA = ] /
7o 10
i
ol nicsmr]
Tension
0
1 2 3 4 5 0
¢ STRAIN - % 0 6.2 0.4 0.6 0. 10 0.12
FiG. 3,031, 3 ENVELOPES OF STRESS STRAIN FIG, 3,032.1 EFFECT OF THICKNESS ON TENSION PROPERTIES

CURVES FOR TYPICAL PolGe LAMINATE OF PolGe LAMINATES
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3.032.2

3.032.3

3.032.4

3.032.5

3.033
3.034

3.034,1

3.034,2

3.034.3

3.034.4

45

L1

a5

30

Kai

2%

20

MATERIAL SYSTEMS

Effect of thickness and voids on temsion properties of
PolGc laminates, Fig. 3,032,2.

Effect of thickness and surface eanding on tension
properties of PolGe laminates, Fig. 3,032,3,

Effect of test direction an tenston properties of
PolGe (112 cloth) laminate, Fig. 3.032.4.

Effect of teat direction on tenaion properties of
PolGe (143 cloth) laminate, Fig. 3.032.5,

Proceseing Effects. See Section 3.02.
Environmental Effects

Effect of Lest temperature on tensiocn strength of PalGe
(Selectron) laminate, Fig, 3.034.1,

Effect of test temperature on tension strength of PolGe
(PDL-7-669) laminate, Fig. 3.034,2.

Effect of test temperature and test direction om ten-
sicn atrength of PolGc laminate, Fig. 3.034%.3.

Effect of exposure and test temperature on teneion
strength of PolGe laminate, Fig. 3.034,4.

Source FPL 1831, 1954

Material| Selectron 3003/112-114

Proceas | PM, 14 pal, 100 min., 220-250F, XL

Test T6.013 LP

Q Voids - Laminate - Avg, of 10
® Fo voids - Laminate
® No voids - Sanded 1minate} Avg, of 3
2 Voids = Facing from balee core Avg
0 Voids ~ Facing from honeycomb core 051
% No voids - Laminate bonded to honeycomb 5
LOLE
AE
” 4
/5 w ,_._._I’-
Ty /
o & __
Jr O -t
] -
A
2
if1,
Iv
J’ 0
L_ \0
25
Yrp
o K]
»
™ 20
-
N
~
~".‘:‘--. 15
0. 0% [ D. VT 0.28

THICKNESS - IN

Fig. 3.032.2 EFFECT OF THICKNESS AND VOIDS ON TENSION

PROFERTIES OF PolGe LAMINATES

Source | ¥PL 1831, 1954
[Material #0 1B3-114
Selectron 5003 ®0181-114
Process |PM, 14 psai, 100 min,, 200 - 250F ,
XL
Test. T, 031LP
® B Unsanded
splo0 Sanded
) / 5
50 V%’,F
~ o
by /I;
/| /o
30 )
b L4
-] a
o
o/ w
20 /
7
(o]
10
ore
a
30 4
/ —
8 /o~ 1
/f
20 .
10 4
0 0, 04 0, 08 Q.12 Fo- % 0.28

THICRNESS - IN
Fig. 3.032.3 EFFECT OF THICKNESS AND SURFACE SANDING

ON TENSION PROPERTIES OF PolGe LAMINATES

Source FPL 1803-4, 1956
Materfial | Selectron 5003/112-114, 84 pliea,
0,25

Procesa | PM, 14 pei, 1 hr,, Z50F
sopTest T6. 031LP
40 a'l'U /)
30

bl
o
]
2
Oy (0.27%)
\\ Y i /
Opp {s) P
b -~
10 -
--.k s £ e -
Trp (1) \ &
20 4! i TO0
ANGLE - 8

Fig. 3.032.4 EFFECT OF TEST DIRECTION ON TENSEON
PROPERTIES OF PolGe (112 cloth) LAMINATE
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Source FPL 18034, 1954 wworce | WADC TR53=491, 3 of 36
iaterial | Selectron 5003/ L43-117 0. 80 128, Material} PPL-7-565/181-116, L% ATC, 0.25,24 pl
26 pl, 0.25 Process | BM, 14 psi, 30 mix, 220F + 3br, 500F
Process | PM, 14 psi{ 1 ir., 2307 ) wo |Best 6,015
100 ITest T6, 013 LF
—_ v
Y oap [ S,
80 ]
i
: 20
; 0 100 200 100 400 SG0
60 S T
\ Fig. 1.024,2 EFFECT OF TEST TCMPERATURE ON IENSILE
- \ STREMGTH OF PolGe {PDL-7-669) LAMINATE
L]
2
4so0l—%
\\ Cprr ’ Source Dourglas Report No. MP-1083, 1955
0.2% Intubabl Mg cekern e ot -
a0 \_ OL\Q /,-GTY (0.27%) Material| Selectron 5016/116-R3-49, 0,020,
W B
~ op (1) -——
-~ ~— 0P Process 1 hr.. 140F + 1 hr, 225F + 16
- s
00F
h“‘__—n““}—- T el ] — 3
o * 1 Test 5
3] 7 70 B0 10 30
ANGLE - @ i
Fig. 3.032,5 EFFECT OF TEST DIRECTION ON TENS1ON .
PROPERTIES OF Palgc {143 cleth) LAMINATE
- S, e E —~—-——1h0
8 - 90}
5
50 ] 30
40 & - — 20
"
';2 \
: e =4 \
o
[
5 10 \\,
Source |[Douglas MP1085, 1955 \.
Material| Selectron 5016/ 181 20
e -V, 0125, 12 pl ] 100 200 300 400 500
o - Dev-70%, 0,125, 11 pl
] TEMP-F
Proc PM-S, 1 hr., 140F + 1 ar,, 225F +
R e o sour '¥1e. 2.034.3 EFFECT OF TEST TEMPERATURE AND TEST DIREC-
i TION ON TENS1OM STRENGTH OF PelGe LAMINATE
N Test T6. D14
50
\i\ Source | WADC TR53-491, 1253
40
Materiai | PDL-7-669/181 - 134, 0,25,
. 24 pl
'\' Process PM, 15 psi, 30 min, 220F + 3 hrs,
a 10 . ——— !--—.___.' 5GOF
2 it 1 E T6,013 LP
o0 | e 10 Hr
= 4 100 Er
a0 I o ® 1000 £r
E $—
.
30 . 30
B
L=}
% o 10
0 100 200 100 £00 300 _
TEMP - F ¢ 100 200 00 Tou To0
] ) ) TTMP-F
IFig. 3.034.1 EFFECT OF TEST TEMPLRATURE ON TENS1OW Fim. 3.034.4 TFFFECT OF EXPOSURE AND TEST TEMPERATURE

STRENGTH OF PolGc {SELECTROK) LAMINATE ON TENSTON STRENGTH OF PalGe LAMINATE
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i 3,035 Other effects re Torce | FPL 1820-A, 1960
40 7 Material | Selectron 5003/0c indi-
3.,035.1 Effect of prestress at room temperabure on tenslon 8 - 0/ cated
properties of PolGe laminates, Table 3.035.1. Process | FM-lipai, 100 min, 220-250F
3.04 Compression-Properties / Test T6. 022LP
30
H 3.041 Strees Strain Relatienships ag 164-114 — DTy b
B - - Wet 3
3.041,1 Average stress strain curves for PolGe laminates with l 2 :-0 3
varipus cloth reinforcements, Fig. 3,041,1, 20 I3 / / y
3.841.2 Average stress strain curves for PolGc laminates at l f S7x - 114 ;
4 various angles 8, Fig, 3.041.2. / g0 5
e - E
3.062  FPhysical Effects i0 A )
3.042,1 Effect of thickness on compression properties of PolGe i
laminate, Fig. 3.042,1, !
Q
3.042,2 Effect of thicknesas and specimen type on compressiom 50 H
strengtk of PolGe laminates, Fig. 3.042,2. 181-114 183-114
3.042,3 Effect of thickness and voilds on compression strength E
B of PolGe laminates, Fig. 3,042,3, 40 /
: J.042.4  Effect of test direction on compression properties 6= 07
4 of PolGe (112 cloth) laminate, Fig. 3.042.4. a=0 / li ;
; g =10 l /
0
: 50
£
£ ‘AW 90 50 o
20 I . it /,
4 / “1
/ o d
10 rd
5
TABLE 3.035.1 compresatn
E
Source FRL J81l, 1957 PR g T :
Material Selectron 5003/Gc Indicated FIG. 3.041.1 AVERAGE STRESS STRAIN CURVES FOR PolGe LAMINATES
'e 5 WITH VARIQUS CLOTH REINFORCEMENTS }
: Process ¥M, 14 psi, 100 min., 220-250°F
Test T6,013LP :
s Source FPL 1803-A, 1956
Prestress Property after Prestress| Materlal| Selectron 5003/Ge indlicated E
. a a E Procens PM-14 i, 1 50F 3
§ th ct(max) Et. N;un:f tp e v pai, lhr 2
] Teat Té, 022LP
i &
: Ge = 181-114, 0.125, 12 pl 112-114 143-114
- a - 6 Avg 6.77 | 47.60 |[3.18 84 pl -0.25 26 pl  -0.25 :
6.47 10.7 3.18 3 11.87 50.55 3.10 -
7.09 18.24 2.97 1 18.24 48.33 2.87 54
7.51 19.71 3.25 P4 19.71 46.14 2.%2 -0
5.34 19.58 2.96 1 19.5 4h. 4 2.67
8.75 25.79 3.10 1 24,79 47.47 2.92 AN
6.7 25.83 2.80 1 25.83 | 46,50 [2.79 , =
f 7.47 32.02 3.42 3 32.02 52,25 3.07 A
i 6.89 35.85 2,92 3 20,22 | 46.80 |2.87
! 7.01 38.84 3.43 1 30.21 | s0.71 |3.21 5o
= 8,315 35.17 z.96 1 22.26 44,22 Z.64
1 6.27 41,79 3,13 t 31.36 | 4B.17 | 2.94 5 415 15
[6.82 41.92 2.87 1 30.22 46.02 2,60 E
; 75
.‘—% Gc = 143-114, 0,125, 13 pl
- 0 - | 6avs |69.32 | 8s5.98 |53 20 go//h
- 18.27 4,94 1 52,79 | 89.34 |4.94 45 s
- 26,14 5.37 1 59,80 85.16 5.37
- 32.81 5.30 k] 65.61 8l.4 5.30
- 3%.18 5.46 L 63.92 87.23 5.46 y
[ - 45,25 5.66 3 62.49 | 84,03 [5.66 10
- 52.46 5.36 1 60.53 84.34 5.38
[ - 56.14 5.16 3 72.18 87.02 5.16
54.2 60.23 4,77 L 54,20 87.33 4.77 compression
- 64.97 5.11 1 71.07 85.69 5.11 o |
- 73.72 5.28 L 79.87 87.85 5.28 e L0 -] STRATN - 7, 5
- 68.98 5.28 1 - 78.62 5.28 S
62,89 | 79.66 5.26 L 62,89 | 86,06 |5.26 FIG, 1.04l.2  AVERAGE STRESS  STRAIN GCURVES FOR PolGe

LAMINATES AT VARIOUS ANGLES &

P
b
I
E
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Sourca | FPL LBO7, 1960 Sowrce | FLP 1831, 1934 15 of 36
1 03/181~114 OAD 112~114
Material| Selectron 5003/18 Material| Selectron 5003f #Q 181-114
PM- 1 i, 1 hr, 250F, 0,8% BZP
Process Apst, * ! ; Process | PM, 14 psi, 100 min, 220-250F, XL
4o [ 22et Th. 0221 o N
T C Voids - Lamlnate - Avg of 10
/ cU & No volds- laminate Ave of 5
4 @ Yo volds- Sanded laminate g
30 A Voids - Facing from balsa cote
— ___‘\ T Voids - Facing from honeycomb core
” 50 l\,
e a
CP i
20 P a-a
40 ‘7[
1 |
0.2 0. 0.4 0,5
3 J\,_._o
THICKNESS - IN 30 }c
.
FIG. 3.042.1 EFFECT OF THICKWESS ON COMPRES- g
SION PROPERTIES OF PolGe LAMIKATE ' »
2 /o
v 20 ‘if
Source FPL 1831, 1954 10
HMaterial Selectron 5003/Ge indicated
Process PM, l4pai, 100 min, 220-250F
Test e Dumbell Specimen 0 &
T6. 023 = = Bonded ‘} Rectangular 0 0. 0% 0, 08 0,12 Q.24 0.28
= vemm Unbonded| Bundle THICKNESS - IN
3¢ T A FIG 3.042,3 EFFECT OF THICKNESS AND VOLDS ON .COMPRES-
® 112-14 SION STRENGTH OF PolGc LAMINATES
0 112-114F N——e
A -
40 - i
-
”0
30
9,
20 /L‘ he
L
10 Spurce FPL. 1803-A, 1956
Material| Selectron 5003/112 - 114
Sg Procesa PM, l4psi, L hr, 250F
181-114 Test TG. 02ZLP
s il »?
w40
E < A
. L . dhad :‘
-l
S S 40
/s / -
o
-~
0
e A e
20 #— © /‘
@ i83-114 ! \ UTU /
r_ s F.- 20 . o
. —{- —— \ —— L
30 .- A\ !
- {Y (D.ZE},
20 /’ 10 N -
/J. \C TP /
10 “V
0 0,02 0,06 D006 0,08 0,10 ¥ 0,26 0.28 a
0 20 40 60 a0 100
THICKNESS - IN
ANGLE - &

FIG. 3.04Z.2 EFFECT OF THICKNESS AND SPECIMEN TYPE ON
COMPRESSION STRENGTH OF PolGc LAMINATES

FI1G. 3.042.%

EFFECT QF TEST DIRECTION ON COMPRESSION
PROPERTIES OF PolGe (112 cloth) LAMINATE
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16 of 36 3.042.5 Effect of test direction on compression properties of Source FPL 1803, 1956
PolGc (143 cloth) laminate, Fig, 3.042.5.

Material | Selectron 5003/181-114

3.042.6 Effect of test direction on compression properties of Process | PM, 13psi, 2 hr, 265F
PolGe (181 cleth) laminates, Fig, 3.042.6.

Test Té. D22LF %
3.043 Processing Effects. See Section 3,02. —t— 4 in wide 2
—— = L in wided SPecimen E

3.044 Environmental Effects 30

3.044,1  Effect of exposure and test temparature on compression
strength of PolGe laminate, Fig. 3.044.1,

3.045 Gther Effects

3.045,1 Effect of prestress at room temperature on compression
properties of PolGc laminates, Tabie 3,045.1.

3.05 Flexure Properties

3.051 Stress Strain Relaticnships

3.051.1  Average load deflection curves for PolGe laminatesn
with various cloth reinforcements, Fig. 3.051,1.

3.052 Physical Effects

3.052,1 Effect of thickness on flexure strength of PolGe
laminate with voids, Fig, 3.052.1.

Ly o im g

0 20 40 60 BO 104
ANGLE ~ @

FIG, 3.042.6 EFFECT OF TEST DIRECTION ON COMPRESSION
PROPERTIES OF PolGe (1Bl cloth) LAMINATE

|
4
]
k.

Source FPL LBO3~A, 1956
Material| Selectren 5003/143-11%
Process | PM, l4pai, 1 br, 250F
Test T6, 022LF
60
30 Source WADC TR53-491, 1953
Materigl| PDL-7-669/181-114, 24 pl, 0,25
Frocesa | PM, 15psi, 30 min, 220F + 3 hr, 500F)
40 Test T6. 024
- L] 10 Hr,
] Exposure § & 100 Hr.
¥ 10800 Hr,
30 I\
\ Iy
20 A r-—-‘——u—._.;-— 5%
N\, Pl - :
TP /y ;F‘z
-l -
10 N, 20
0 10
o 20 40 60 a0 0o 0 100 200 300 400 500
ANGLE - @ TEMP « F
FIG 3.042.5 EFFECT OF TEST DIRECTION ON COMPRESSION FIG. 3.044.1 EFFECT OF EXPOSURE AND TEST TEMPERATURE

PROPERTIES OF PolGe (143 ¢loth) LAMINATE ON COMPRESSEON STRENGTH OF PolGe LAMINATE
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TABLE 3.045.1 164-114 Source FPL 1820 A, 1940
Jsource FPL 1811, 1957 Material fiﬁzzizg 3003/Ge
[Material Selectron 5003/Gc Indicated 250 Process PM-l4psi, 100 min
- 220-250F
Process PM, 14 psi, 100 min, 220-250F x|
Test J T6. 031 ASTM
Test T6.023LP
200 rd —te DTy
Prestress Property aiter Prestresq L — e Vet
T ©  (max) E Ho. of Te “cu Ee =0 /
P Runs P 150 y N
Gc = 181-114, 0,125, 12 pl k'eo 57 x- 114,
- — oo
- 0 - 6 Avg 24.77 | 38,34 | 3.403 A7 P
- 6.64 3.37 1 20.74 | 36,57 | 3.377 100 -
- 9,03 3,01 i1 21.06 | 37.07 | 3.010 /4
- 10.42 3.127 1 19.36 | 31.82 | 3.127
- 13.3 3,358 1 24,94 | 37.75 | 3.358
- 14.88 3.379 1 29.76 | 37.86 | 3311
- 14.96 3.169 1 17.96 | 372.56 | 3.168 50
- 21.06 3.381 1 25,92 | 38.47 | 3.301
- 19.61 3,333 1 22,06 | 32.68 | 3.333
116,06 | 21.08 3,117 3 21,08 | 33.50 | 3.117 0
17.14 | 22.36 3,178 1 19,37 | 33,76 | 3.178 0
20.98 | 26,97 3.078 1 22,42 | 37,07 | 3.078] ., 300
19.26 | 26.77 3.443 1 24,26 36,48 3.443 2 183-114
33.17 | 28.14 3.333 1 23.17 | 37.07 | 3.333| A ”
17.88 |} 28.32 3.190 1 33.85 | 32.94 | 3.190 § / /
18.07 | 30,10 3.121 1 22.58 | 34.18 | 3.121 250
Go = 143-114, 0,125, 13 pl
9-0
- 0 - 6 Avg 28,19 | 45.88 | 5.157
. 10.56 5.148 1 25,99 | 34,96 | 5.148 200
- 12.16 5.237 1 17.83 | 43.28 | 5.237 90
- 14.74 5.051 1 16,38 | 47.08 | 5.251 ayd
15.49 | 16.31 5.337 1 19.57 | 44.6 5.337 '/
- 18,91 4,983 1 23.02 | 40,28 | 4.983 150
h7.71 | 22.54 5,337 1 19.32 | a0.24 | 5,337
P5,28 | 26.91 5.124 3 30,99 | 43.63 | 5.124
04,05 | 28.06 5.137 1 28,86 | 43.61 | 5.137
17.96 | 24.49 4.986 1 26,12 | a3z.7 | 4.986 / 90
P7.75 | 32.65 5.129 1 31,02 fas.24 | 5012 100 —
25.73 | 30.55 5.259 1 30.55 [ 40.44 | 5.259 -
b7.67 | 36.62 4,949 1 26,04 | 42,8 4,949 A
6.16 | 40.4 5.090 1 29.09 42,67 5.080 -
2.93 |3%.3 5.149 1 22,93 | 40.37 | 5.14% /e
50
Source FPL 1831, 1954
Material]l Selectron 5003/112-114 3‘;)0
Process PM-14psi, 100 min, 220-250F, XL 81-114
Test T6, 031 ASTM 181-114
® Llawinate 250 / /
4 Facing balsa core with voids]
® Facing from haneycomb core
1)
200 520
s L A =0 90
[] & ,..—-' 90
- . / / /
150 ”
/ s A
- “
2
. : 10
g / /
20 A
0 0.02 0.0 0.06 V0,26 028 '
THIGRNESS-IN o
FIC. 3.052.1 EFFECT OF THICKNESS ON FLEXURE STRENGTH OF FIc. 3.051.1 AVERAGE LOAD DEFLECTION CURVES FOR PolGe LAMINATES

PolGe LAMINATE WITH VOIDS WITH VARIOUS CLOTH REINFORCEMENTS
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3.052.2  Effect of span/depth ratic on flexure properties of
PalGe laminate, Fig. 3.052,2,
3.053 Processing Effects
3.053.1 Effect of PM, VB and MMD processes on flexure proper-
ties of PolGe laminates, Table 3,853,1,
3,054 Environmental Effects
3.054.1 Effect of test temperature on flexure strength of
typical PolGe laminate, Fig, 3.054.1
3.034,2  Effect of exposure and test temperature cn Flexute
properties of typieal PolGe laminates, Table 3.054,2,
3.054.3  Effect of weathering on flexure properties of typical
PalGe lamwinates, Table 3.054,3,
Sgurce FPL 1807, 1980
Material| Selectron 5Q03/181-114, O, 8% BZP
Process | FM-l4psi, 1 hr, 250F
Test T6. 031 ASTM
o0 7 pl, 0,625
A4 25 pl, 0.25
sa 50 pl, 0.50
° \
S—
B0 ‘;L
{ %py
h-‘-
50
a~?
e
3 NGQ
N,
40 o ‘\
™ .. “pp
. F:S
—n L N
30 ~35
20
Q 10 20 30 40 50

FIG . 3.052.2 EFFECT OF SPAN/DEPTH RATIG ON FLEXURE

PRCPERTIES OF PolGe LAMINATE

TABLE 3,053.1

Source Standard, 1962
Materiall Stanpreg V-P1/181-¥, 12 pl B
Process | VB, 30 min, 280F
Test T6. 032 LP
60
50 k\
40
-
P
e
S
30
20 | I
0 oo 200 300 400 500
TEST - F

FIG, 3.054.1

EFFECT OF TEST TEMPERATURE ON FLEXURE

STRENGTH OF TYPICAL PolGec LAMINATE

Spurce Republic, 1958
Material Sun CFR - 32tA/ Cordo H-~165/ 164~-¥, & pl
181-¥, 12 pl 164-V, 6 pl 181-v, 12 pl
0.12 0, 144 0.114 §0,092 ) 0.090] 0,078 0,12 0. 144 Q.12 0,108
MMD, 5
Process PM.8, 15 min,,} VB, 1L7 psi VB, 1.7 psi | MMD, 50 psi, PM-5, 15 VB, 11,7 psi,] VB, 11.7 pei, psi,
25CF S0 min, 250F 90 min, 230F 15 min, 250F min, 250F | 90 win, 250F | 90 min, 250F |15 min
. 25CF
Test 6,632 LB
Property
re % 40.0 |38.2 43.8 4.1 45,7 137.0 41,6 | 34.5 35.7 39.8 41.4 41,3
Hardness
Batcol 72 73 61 61 6% 67 - - 58 60 59 -
O -Kai 90.0 79.3 66,5 53,3 35.1 41.7 60,6 57.6 67.0 73.0 38.8 40.5
B; -Hel 3.83 | 3.58 2.83 2.58 2.33 ] 2.66 3,121 3.41 3,44 3.24 2,11 3.52

mnany

{
1
:

e A g B P R K 1

e
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TABLE 3.054.2

Source FPL 1825, 1958
Material Selectron 5003/181-~114 Regin Wo. 4f1Bl-114 Resin Ne. 3/18l-114
0.127 - 0,136, 12 pl 0.125 - 0.134, 12 pl 0,126 ~ 0,130, 12 pl
Process PM, 14 psi
20 min, 220F + 16 hr, 75F 15 min, 160F 16 hr, 75F 20 min, 220F +
30 min, 250F 30 min, 250F
Catalyst BZP-7. BZP, 0, 8% BZP, 0.8% HCH - %
Fromoter-% Promoter-% L6 l 1.2 II.B Styrene-~%
Promoter=-7 0 11 22 33
0.4 ]o.a ll.z 2 4 2 4 24 [&8 |72
Test T6, 032 LP
re % 37.8 | 37 37.8 | 39,4 40,3 [ 40,4} 39,8 37.6 (36,3 [36.1 39.3 138,51 37.5 [36.5
Sp g - 1.77) 1788 1.7s| .77 1.78 1.76) 1.76 .82 1,79 1,79 1.8l 1,8 1,78} 1,78
Oy -Ksd !
Dry 53.3 | 63.2 [65.2 |57 [59.5 | 59.8|59.3 54 53.8 | 38.10 58.7 |59.24 60.4 |61
Wet 38,7 |43.6 | 43,8 |38.9 143.1 | a4 [42.2 3.4 | 334 26.2 37.4 [39.7 138 (401
ofp -Kai
Dry 45,7 | 56.6 | 35,1 |50.2 [53.8 | 53 [52.8 7.6 | 48.2 | 5h.4 53.B |54.9 | 54.8 [56.1
Wet 21,7 | 25.5 |24.3 |24.8 |22.8 | 24,2 [24.8 19.2 [21.4 |24 25.8 [20.8) 20,4 (23.2
E-1000Ks1
Dry 2,66 2,81 z.82| 2.69f 2.63} 2.56 2.63 2,57 2,57 | 2.88 2,66 2.74 2.74] 2.78
Wet 2.59| 2.70| 2.73( 2.59) 2.64 | 2.58 2.49 2,33 2.48 | 2.64 2.45) 2.59 2.6a] 2,67
Hardness
Barcol 64.6 l66.9 [86.9 |61 |61 6L |e62 61,5 | 6l.4 |62 65 [65.1]651 l65.1
[mpact 120D
Et 1b/in ho 12.1 jLz.1 15 4,3 |15.1 {16.5 15,7 ]15.2 14.9 13,6 JL4.4 [14.4 4.6
[7Z hr at 160F
L'fuusop)-xsi 2.8 37.4 [az.6 |27.1 pr.1 |32.9 pag 26,1 23,4 %1.6 18 pa.4 J27 ¢8.6
pr(leor)-xsi 9.5 f27.7 leo.o [1s.z ls.1 Jz0.2 hs.a 13,7 Pz pur B.08 4.2 [19.9 30.4
Ffusnr)
-1000 Ksi §1.90 | 2.30 | 2,48 | 1.84 [1.55 | 2.10 |1.75 2.08 | 2.24 |24 ©1.71 [1.991] 2.08 [2.13
/2 tr at 350F
P (350F)-Rsi 15.58 | 6.45 )6.2¢ | 3,41 |3.7 4.9 |4.48 7.41 ] 6.16  |6,36 5.86 |6.27 | 6.44 [6.3
Fep(330F) kol 4.5 | 5.4 |56 j2.7 Jag 3.1 |z.8 4.9 5.0 5.6 5.4 5.2 [5.4 |49
Ef(3501’) 0.8%( 0.98] 0.90] 0,57] 0,62 0.77] 0.73 1.16]| 1.03 1.05 o.oo 1od 1.02] 0.0
-1600 Ksi
192 hr at 350F
Opa{350F)-Ksi | 5,49 5,391 5.3 4.92] 5.64 5.7 1 6.55 13.48 | 11,01 [1L%® 5.83] 5.5% 5.16) 4.53
0gp(350F)-Kel | 2.0 | 2.0 | 3.1 ] 2.9} 3.1 2.9 a3 6.2 5.3 6.5 1§ 34l 2.7 | 2.9
Eg( 350F) 0.8 | 0.89| D.88[ 0.77] 0,80 | 0.77) 0.89 Lé1) 1.47 1.61 1.67] 1.04 1.00] 0.88
-1000Ksi

HCH = 1 - hydroxycyclohexyl hydroperoxide = 1
Promoter = An organc - metallic derlvative

ID
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TABLE 3,054,3

2 Source FPL 1825, 1958
Material Selectron 5003/181-114 Resin No. 4/181-114 Resin No. 3/1BL-114 :
; 0.127-0,13, 12 pl 0,125 - 0.134, 12 pl 0.126 - 0,130, 12 pl L
Proceas EM, L4 psi i
20 min, 220F and 16 hr, 75F | 15 min, 160F 16 hr, 75F 20 min, 220F +
30 mip, 250F + RT 30 min, 250F ;
i - i
Catalyat BZP-% BZP, 0.8% BZP, 0.8% HCH - % BZP, 1.2% :
5 Promoter-% | Promater-% 0.6 L2 | L8 Styrene-7%
! 0.4 I 0.8 l1.z 2 & 2 4 Promoter-% 0 |11 Izz l33 P
2.4 | A8 Y 7.2 :
Test T6, 032 LP
i e -% 3.8 |37 |ans [39.4 Jao.3 [ a0.4 f3as 37.6 1363 | 3.1 39,3 [38.5 [37.5 |36.5
i Spg - Lzl ot s | Lt s | 17e| 176 L8z L79 | 179 Lail 181 1.78| 1.78
%tu -Ksi ;
: bry {533 |63.2 |es.2 |57 [se.s | se.8 [s0.3 54 53.8 | 38.10 58.7 [59.24l60.4 |61
4 Wet 3.7 [426 Jass [389 fasi | a4 |sz.2 L4 | 33.4 | 36.2 e |39.7 {39 [40.1
: Ufp -Rsl
ory 45,7 | 54.6 [55.1 [|50.2 |53.8 | 53 |sz.s 37.6 | 48.2 | 54.4 53.8 [54.9 |54.8 6.1
Wet (217 |25.5 [24.3 [26.8 Jr2.8 | 24.2 [24.8 19.2 | 2L.4 |24 25.8 20,8 J2L.4 |23.2
E;-1000Ks1
Dry 2.66 | 2.81 | 2,82 | 2.69]2.63 | 2.56| 2.63 2.57| 2,57 | 2.88 2.66| 2,74| 2.74| 2.78
Wet 2.59) 2.70 | 2.73 | 2.59| 2.64 | 2.58| 2.49 2,33 2.48 | 2.64 2,45 2.59] 2.64] z.67
Hardness
Barcol 64,6 |66.9 |66.9 [6l o1 61 |62 61.5 | 6L.4 |62 65 651 [65.1 |65.1
mpact IZ20D
Et 1b/in 16 2.1 2,1 |15 ha.s | 15.1 16,5 15.7 | 15.2 | 14.9 13.6 {14.4 {14.4 |14.6

3 mos. outdoor i

ag, ~Kel 68,1 | 46.9 |47.1 [58.2 [57.7 59.4 ]59.6 54.3 | 56.3 532 50 49,8 |44.3 |47 =
ufp -Kal 29,3 [ 35.9 [37.0 [38.6 [34.4 40.9 [40.9 2%.4 | 32,1 32.1 28.5 |31.5 [28.3 [29.6
EfIOUD-KSi 2,59 | 2.56 | 2.4% | 2.65 f2,61 2,52| 2.56 2,62 2,68 2.79 2.3% 1 2,421 2.46] 2.45

6 mos. outdoor

op, K8l 48,5 |44.5 [43.4 |57.3 (9.4 60,4 (60.9 57.6 {52.3 53.8 48.5 [49.5 |42 44.4
D’fp ~Eei 3%.8 | 33,5 39,2 {30.3 [A.2 44.1 [44.8 3.4 | 32.9 31,1 42.7 [41.6 |36.1 33,2
E; ~100(Kai 2,64 | 2,46 | 2,50 | 2,79 ]2.64 2.65| 2.68 2,71 | 2.74 2.87 2,401 2,48( 2.46] 2,47

N AR e S

i2 mos, outdood

P -Kai 30.5 | 32.4 (50.2 |56.5 [58,8 58,7 |61.5 37,2 | 57.7 58.2 50,8 |54.3 )50 50 :
%p -Ksi j43.8 143.7 |38.1 48,1 HKB,5 55.3 |56.8 39.6 | 44.5 49,0 44.2 444 (41,4 [40,2 ,:
EE-IUODKBL 2.62] 2.57 | 2.74 | 2.79{ 2,63 2,.88) 2.71 2,76 2.75 2.89 2,55] 2,60 2.63( 2,64 :
10 cy wet ‘
dry at 7SF :
Ty -Kai 3L.9 | 37,7 [39.7 |39.3 k2.2 35.4 |32.5 38.0 | 36.7 35.4 35.1 |37.2 134.2 |36 ,
Ufp -Kai 24,6 26.1 |29.8 310 p&,2 31.6 |25.9 26.8 25.8 21,5 27.8 (31.1 |2B.2 |32.0 ;

Ef-IUDOKsi 2,48 2.54 | 2.67 | 2.71|2.65 2,521 2,40 2.51] 2,53 2.65 2.54 1 2.56) 2,53] 2.60

HCH = 1 - hydroxyeyclohexyl hydropercxide - 1

Promoters An organo-metallic derivative

B
i



ID
MATERIAL SYSTEMS

Po | Ge
3.054.4  Effect of moisture absorption on flexure properties TABLE 3.059.1 2l of 36
of PolGe laminate, Fig. 3.054.4. Source FPL 1856, 1956
3.055 Other Effects Material Selectran 5003/181-¥
3.035,1 Effect of predtress and water absorption on flexure Process PM, 14 psi, 90 min, 220~250F
properties of PolGe taminate, Table 3.055.1.
t T6.,032LP
3.055.2 Effect of prestress and weathering on flexure proper- Tee
ties of PolGe laminates, Tahle 3,055.2. Property Tenslon Prestresas - Xsi
Exposed Unstressed Exposed Stxessed
[} -] 16 24 Q 8 16 24
Ty ~ksi| 58.0 | 58.7 [58.2 [57.3 [60.8 [59.7 |58.7 |5%.&
Ufp ~kei| 35.6 | 38,5 [38.6 [39.0 [38.8 [39.9 }40.7 |43.4
E, -1000 kstf 2.81 [ 2.84 [2.74 1276 |2.75 1281 3,71 j2.87
30 day water
immersion

Absorptico-% | 0.45 b 50 ]|.55 |.67 ]0.53 [.45 [.41 .71

P ~ksi | 49.8 150.7 }4B.7 |47.2 |47.4 |47.8 |47.5 |46.3
Ufp -kei | 21,7 | 26.6 |25.3 |26.1 }28.3 |26.8 | 28.8 |28.8
Eg -1000 ksi | 2.86 §2.80 [2.77 [2,72 |2.82 (2,87 |2.76 |2.76

60 day water
immersion
Absorption-% | 0.741.75 .78 |.BB ]--- Je-- f=-- ]---

~ksi} 50.2 ]48.3 [47.9 {50.6 |~-- —— R Rt

Sfu
otp -ksi] 28,7 F26.3 |32.3 |34.3 |--- |=-- | == | -=-
Ef -1000 kai] 2,85 | 2.BB | 2.74 |2.71 {~--- - m- ==
90 day water
imeraion
Absorption-% | 0.62 | .68 .73 .77 J--- === e | om-
u ~kel | 47.6 |47.4 |46,8 [46.8 | ==- === == =
g -kai] 24.8 | 25,5 | 26.6 J27.9 |--- [=== Y -=~ [=--
fp
E; -1000 ksi 2,86 | 2,86 |2.79 2,76 )= |-=- |--= ]---
TABLE 3.055.2
Source FPL 1856-a, 1957
Source FPL 1819, 1956 Material Selectron 5003/181-v
Material{ Selectrom 5003/181-114
Process PM, li4psi, 90min,220-250F
Process | PMrlipsi, 100 min, 220-250F
Test T6. 091 ASTH Test T6.032LP
& RT, 50-2 RH & RT, lmmersed Property Tension Prentress = Kel
© RT, b4% RH W RT, 100% RH Exposed Unstressed
& RT, BOZ RH R 100F, 100% RH o] 8 16 24
O -ksi | 58.0 | 58,7 | 58.2 |57.3
Gfp ~kei | 35.6 |38.5 [ 38,6 |39.0
50 E, =-1000 kel | 2.B1 |2.84 |2.74 2,76
Opy £
'\ .ﬁ}*\u 3 mos, out-
doors
40 (0, 1%
1 3 I e 1 a -ksi | 60.0 [58.0 |59.0 |57.0
- fu
3 \ 9 ~ksi | 35.7 [37.8 [40.0 [40.8
Un) P
A -
20 E; -1000 ksl 1.88 2'.89 2,83 2,80
L] 12 mos. out-
door
20 ° kel | 57.6 [57.7 [56.3 {55.4
0 0.2 0.4 0.6 0.8 1.0 fu ' o
MOISTURE ABSORPTION-% Ufp ~ksi | 39.0 [35.7 |35.7 [33.4
FIG. 3.054.4 EFFECT OF MOISTURE ABSORPTION ON FLEXURE E. -1000 ksl | 2.84 {2.88 |2.79 |2.83
PROPERTIES OF PolGe LAMINATE £ : ; i
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S . Shear Properties 143-114 s FPL~1 18034 £
i 36701, 0,25 / 30 ource lggg/ :
: . 15 !
3.061 Stress Strain Relationshipe 3 | L
0 = 45 Material { Selectron 5003/
3.061.1 Average stresd strain curves in panel shear for PolGe M Ge indicated ’”
laminates at varicus angles 9, Flg. 3.061.1. 2o :
, . Process 1)17.1144163-114
H 3,061.2 Average stress strain curves in panel shear for PolGe 74 PM, l4psi, 1 hr :
: laminates with various cloth reinforcements, Fig. -4 0// 250F £
3.061.2, ~30 181-114 PM; 13psi :
2 br, 265F ,‘-;
4 3.06l.3 Average.stress strain curves in panel shear for PolGe 5 )
laminates in wet and dry conditions, Fig. 3.061.3. Test T6. 043 &
Panel Shear
b 3.062 Physical Effects h
& \) I
“ 3.062.1 Effect of test direction on interlaminar shear strength - z 161-114 112-114 T
4 of typical Pal@c laminate, ¥Fig. 3.062.1. K| 25 pl, 0.25 84 pl, 0,25
H
3.062.2 Effect of test direction on panel shesr properties ! //‘5
; of typical Polge laminates, Fig. 3,062,2. B, B = 45
¥ S
B 3.063 Processing Effects /
30
3.064 Environmental Eff / -3l exz45
( n ects . [, / 30 .
; 3.065  Other Eifaces / e
i Max E
y = sac ,
: 14 0/
4573 /
; T

Source FPL 1820, 1958 0

Material | Selectron 5003/Gc indicated - 114 h-1.0 - 7

Process | PM - 14 pei, 100 min, 220 - 250F STRAIN-% £
: Test T6, 043 Max stress, ~Kal Lndicared FIG 3,061,1 AVERAGE STRESS-STRAIN CURVES IN PANEL SHEAR ¢
i FOR PolGe LAMINATES AT VARIQUS ANGLES 8 |
; —— Dry, —-—— Wet f:
Soutce FPL 1820, 1958 and 1820-A, 1960
112, 120 R 128 I Material | Selectron 5003/Gc indicated - 114
; 84 pl, 0,250 61 pl, 0.253 36 pl, 0.245
g / Max =13,98 Process | PM - 14 psi, 100 min, 220 -~ 250F
A = =
i o % = q13.60 Hax =13.96 /] Test 6,043 Panel Shear

0

4{60 " ’4'./34 ; /

/

I
L

10

i
£
.
i
5
:

/

gg - Kal
\
-
(-3

143, 181 184

-l
26 pl, 0,247 23, 0.247 15,4419 pl, 0.238 2
Max = 12,17 J Max = 15, Max .m.sz/ )
B,
Y /o8 P °
s /
7.52 )

N

N
S~
~
N
'\
-~

E =
agyy - Ksi

i
¥
&
H
4

10 - STRAIN - % 10 °

STRAIN-¥
; FIG. 3.061.3 AVERACE STRESS STRAIN CURVES IN PANEL SHEAR FOR FIG 3,061.2 AVERAGE STRESS-STRAIN CURVES IN PANEL SHEAR FOR

PolGe LAMINATES IN WET AND DRY CONDITIONS PolGe LAMINATES WITH VARTIOUS CLOTH REINFORCEMENTS
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Sautce FPL 1803 and 1803A
Material| Selectron 5003/Gc indicated=114
Process | Ge 112 and 143-PM, 14 psi, 1 hr, 250F
Ge 181-FM, 13 psi, 2 hr, 265F
Test T6,043 Panel Shear
112
24
N ’ /
gsf’//
10 - -
-~ 2L 0,
o Ji -
T - ag1y
——
o
? “ (ﬁird—"
L ogy( 0, 2%)
10 [ e =
- T V
— — -4 ogy
b e
L) T
20

10

[\]

MATERIAL SYSTEMS

#\ .

1 ff
/’

N -
N Isp -
\_ Ugsym ,2 !
. — — % -
45 =30 -15 0 15 30 45

ANGLE - g

Fi@, 3.062,2 EFFECT OF TEST DIRECTION ON PANEL SHEAR

PROPERTIES OF TYPICAL PolGe LAMINATES

Source FPL 1803, 1956
Material | Selectron 5003/181-114
Process | PM, 13 pai, 2 hr,, 265F
Teat T6. D44 Interlaminar Shear
4.6
- 44 /
| __,——"’
' P"/
[
&
51
4,
2U 20 40 60 80 100
ANGLE - o
F1G,. 3.062,1 FEFFECT OF TEST DIRECTION OK INTERLAMINAR

SHEAR STRENGTH OF TYPICAL PolGe LAMINATE

iD
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3.07 Bearicg Properties
3.071 Stress Strain Relationships
3,072 Physical Effects
3.072.1 Bearing strength of Polge (112 cloth) laminate for
i various e (end)/D ratios and of varlous angles 8, Fig.
3.072.1. t
5
: 3.072.2 Bearing strength of PolGe (l12 cloth) laminate for H
: various ‘@ (edge) /D ratios and at various angles @, i
Fig. 3.072.2. :
i 3.072.3 Bearing strength of PolGe (120 cloth) laminate for ,
H i : A k-
: ;?;7;?;.2 (end) /D ratios and at vartous angles @, Fig Source |FPL 1824, 1958 !
Material|Selectron 5003/112-114, D,8% BZP
H 3,072.4 Bearing strength of PolGe {120 cloth) laminate for " !
i variovs e (edge)/P ratios and at various anglas 8, Pro;ess PH-14 pel, 100 min, 220-250F 3
Fig. 3.072.4. Teat T6. 053
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0 :'
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Process | PM-14 pei, 100 min, 220-250F 40 /
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| 20 . % e 0 0.8 1.6 2.4,0 0.8 L6 2.4
8z T 3 - :
£ = 0,25 < = 0.125 e(edge}/D
: D 0.25 D« 0.50 : !
g = N #Ic. 3.072.2 BEARING STRENCTH OF PolGe (112 clothk) LAMINATE FOR ;M
o i VARIQUS e (EDGE)/D RATIOS AND AT VARIOUS ANGLES © &
60 g
/ :
4 o o / e |
/4 A e
-~ -
z RS a L a3
t = 0.25 t = 0125 £
Da 0,25 b ; 0.50 i
L ]
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e(end)/D i

FIC, 3.072.1 BEARING STRENGTH OF PolGe {112 CLOTH) LAMINATE FOR
VARIOUS e{END}/D RATTOS AND AT VARIOUS ANCLES
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Source | FPL 1824-A, 1960
Material | Selectron 5003/120-V
Process | PM-14 psi, 90 min, 220-25QF
Teat T, 053
60 —_— Dy, e —— et
,/, ——
40
20 ez 0
t - 61 pl,
0,25
o 0z 0,25
60
7 e
40 .
o
3
, 20 T P
B te 61 pl, = 30 pl,
5 0.25 0.125 —
o n- 0,25 D = 0,50 Source | FPL 1B24-A, 1960
60 Material | Selectron 5003/120-%
Process | PM-14 psi, 90 min, 220-250F
- "
/" /_ —_ Teat 6. 053
hn l o l‘
7 ITY, e wae Wet
‘/ ,I a0l
Zz } —_——
20 7 - Fop— 40 1”'
t s 61 pl, t z 30 pl, ]
0,25 0,125 4 AT
Dz 0,25 Dz 0,50 3
0 d
[ 1.2 2.4 3.6,0 1.2 2.4 3.6 2] Py
e(end) /D ?: E gl rl ﬁ 2 : gﬁ rl
- ¥
FIG. 3,072.3 BEARING STHENGTH OF PolGc (120 cloth) LAMINATE FOR 0.25 0,125
VARTIOUS e (END)/D RATIOS AND AT VARIOUS ANGLES 8 o D= 0.35 D s 0.50
60|
o —
&40 / /-.
u o
giR——
V,faﬁr -
y. 7 al
3 20 7 5 90 77 s = 90
tz 61 pl, t = 30 pl,
! 0,25 0,125
DE o D=z 08,25 D« 0.50
60
o ——
40 / e~
PP
/4 /
20 / /
7 @ = 45 8 = 45
t & 61 pl, t = 30 pl,
0.25 0.125
D: 025 Dz 0.50
0 1.2 2.4 3,6,0 1.2 2.4 3.6
e (edge)/D
F1g. 3.072.4 BEARING STRENGTH OF PolGe {120 cloth) LAMINATE FOR

VARIOUS e (EDGE )/D RATIOS AND AT VARIOUS ANCLES 8
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3.072.5 Bearing stremgth of PolGe (143 cloth) laminate for EBaurce FPL 1824, 1958
;i;ic\;sosz(gnd)fD ratios and st various angles B, aterial |Selectron 5003/143-114, U, 8% BZP
Process [PM-14 psi, 100 min, 220-250F
3.072.6 Bearing strength of Pol@e (143 cloth) laminate for roat T6. 053
various e {edge)/D ratios and at various angles B, = :
Fig. 3.07%,6. 50 e DTV s e WeL 4
3.072.7 Bearing strength of PolGe (162 cloth) laminate for
variocus e (end & edge)/D ratics and at various angles :
8, Fig. 3.072,7. P
3.072.8  Bearing strength of PolGe (162 cloth) laminete for 49 i
various & (end & edge)/D ratios and at various angles e v e ]
: . -
3 9, Fig, 3.072.8. 7/ o = =
, 3.072,9  Bearing strength of PolGe (181 cloth) laminate for 20 /
E various e {end)/D ratios and at various angles e, Fig. /] 6 = 0,90 g'z 0,90
: 3.072.9, . t.d 26°pl, tx 13p1,
: %) Q.25 0,125
= = 0,25 Dz 0,50
3.072.10 Bearing strength of PolGe (181 cloth) laminate for f 0 D=0 = U
various e (edge)/D ratios and at various angles 8, = 50
Flg. 3.072.10. &
3.072.11 Bearing strength of PolGe (184 cloth) laminate for [
4 various e {end)/D ratios and at variocus angles 8, /-
: Fig. 3.072,11. 40 ot
: | nana
; . ”
/, e
/ / i
2z 45 / 8 = 45 H
/ t: 26 pl, t =13 pl, .
/4 0,25 /4 0.125
o D g 0,25 D= 0,50 ¥
0 0.8 1.6 2.4,0 0.8 1.6 2.4 3
e{edge) /D 3

IF16. 3.072.6 BEARING STRENGTH OF PolGe (143 ¢loth) LAMINATE FOR
VARTOUS e(EDGE)/D RATIOS AND AT VARLOUS ANGLES 8

Source | FPL 1824, 1958 Source | FPL 1824-A, 1960
Material| Selectran 5003/143-114, 0, 8% BZP Material | Selectron 5003/162-Y 0.8% BZP H
Froceas | PM-14 psi, 100 min, 220-250F Precess | PM-14 psi, 40 min, 220-250F ;
Teat T&. 053 Test T6. 053 ¢
i
A, DY, — - Wet — DY, e —— Wet
6 40
‘ b
Laniam i
-~ :
— /
“ 2 - ===
L7 e-o0 /"’a = D i
" t=17 pl, 7 t = 8 pi, ;
- o ——— 0.25 0, 125 ¥
/ - - o By 0,25 Dz o050 g,_
20— 4 i
- e 0,50 50,90 !
t = 26 pl, t = 137p1, —— ;
0,25 0,125 ,, 1 :
5 0 Dz 0.25 D= 0.50 3 \ /. —
1 3
. 69 o Y 5 zo0 /,‘5 = 90 5
- 3 t = 17 pl, V /4 £tz &pl,
& 0.25 0,125 g
o D e 0,25 Dz 0.50 H
40 / — 40 /—
-~ [ EE— —
/ / /’
2 o 20 NE—
4 o = 45 &z 45 /S oz %5 :
t = 26 pl, t = 13 pl, L t w17 pi, 8 pl,
0.25 8,125 0,25 D, 125
0 D= 0,25 D - 0,50 D = 0,25 D« 0,50
= 0 -
0.8 1.6 2.4,0 0.8 1.6 7.4 D 0.0 15  2,6,0 0.8 1.6 2.4
elend}/D e(end) /D

FIG.3.072.5 BEARING STRENGTH OF PolGe {143 cloth) LAMINATE FOR fF16.. 3.072,7 BEARING STRENGTH OF PolGe (162 cloth) LAMINATE FOR
VARIGUS e(END)}/D RATIOS AKD AT VARIQUS ANGLES & VARIQUS e@ND )/D RATIOS AT VARIOUS ANGLES @

!
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Source FPL 1824-A, 1960
Material | Selectron 5003/162-% 0.8% BZP
Process |PM«14 psi, 90 min, 220-250F
Test T6. (53
(R PO —
40
ot —— _V. ——
/ -
20—+ ’ FPR pa—
t = 17 pt h
? tw 8 pl,
0.25 0,125
0 0= 0.25 D = 0,50
40
B o
/] -
2 a1
220 5 = 90 /’ 3 o 90
t t = 17 pl, £z 8pl,
S o025 0.12
o D= 0,25 D . 0.50
40
/— F — —
20 Vi
g = 45
t = 17 pi,
0.25 A
o D = 0,25
0 0,6 L6 2.4,0 0.8
eledge)/D

FIG, 3.072.8B BEARING STRENGTH OF PalGe (162 cleth) LAMINATE FOR
VARIOUS e (EDCE)/D RATIOS AT VARICUS ANGLES ©

-~ Source FPL 1824, 1361
40 ] Materisl| Selectron 5003f
/ I 181-114, O,B% BZP
~ Procesa | PM, 14 psi, 100
/, -~ min, 220-250F
- 5w 0 Test 76,053
t =z 23 pl, ——— DTy
0,25 - Wet
a D= 0,25
50
50 :
/ -
- o
3 ~ o — —
1 / /
5 20 _Z L
& / 9 = 45 8z 90
t z 23 pl, t = 23 pl,
Q.25 Q0,25
o Dz 0,25 D e 0,25
40 p—
Py
— — — el —
20 L. -
g =0 g w45
t =z 23 p1, t = 12 pl,
0,125 0,125
0 D= 0,50 D= 0,50
L —
o 0.8 1.6 2.4,0 0.8 1.6 2.4
e{end}/D

FIG. 1.072,9 BEARING STRENGTH OF PelGe (181 cloth) LAMINATES
FOR VARIOUS e{END)/D RATIOS AND AT VARIQUS ANGLES B

Source |FPL 1824, 1961
450 Material|Selectran 5003/
— e — 181-114, Q,8% BZP
~ 2
Process |PM, 14 psi, 100
{d '] y
fy min, 220-250F
Test T6. 053
/ 6:0
t e 23 pl, ———— Dry
0.25 — - Wet
o D 0.25
50
w0 /]
K a8
——
] / / - F
2 Y
& 20
/. 8z 45 8= 90
t = 23 pl, t=23pl,
/ a.25 0.25
0 De 0.25 0= G.25
40) f
4 — / — =
20 P B
az0 / g = 45
/ t = 23 pl, /4 t = 12 pl,
a, 125 Q. 125
D= 0,50 D = .50
L A
[} 0.8 L& 2,4,0 0.8 1.6 2.4
e(edge) /D
FIG, 3.072.10 BEARING STRENGTH OF Polgc {181 cloth) LAMINATE FOR
VARIOUS e(EDGE )/D RATIOS AND AT VARIOUS ANGLES &
Source FPL 1824-4, 1960
Material| Selectron 5003/184=¢ D.8% BZF
Process | PM-14 pai, §0 min, 220-250F
Teat T6. 053
— D1y, — v Wet
50
e
20 /d /
% 6z0 7 6z 0
t=%pl, A tz3pl,
0.25 0,125
D= 0.25 Dz 0.50
)]
4Q /
o —
4
/4
P | s
5 20 A
2 F e-% ZMEREY
1 t=9pl, / t = 5pl,
B 0.25 0,125
& D= 90,25 D s 050
a
40 4
P———
-
iy
J J—
20 z
/ 5145 /’/ & : 45
tz9pl, ( tz5pl
0.25 / 0. 12_:’
a D - 0,25 0z 0.50
0.8 L6 2.4,0 0.8 1,6 2.4
e(end}/D
FIG. 3.,072.11 BEARING STRENGTH OF PolGe {184 cloth) LAMINATE FOR

VARIOUS e(END)/D RATIOS AND AT VARIOUS ANGLES O
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: 34072.12 Bearing strength of PolGe (184 eloth) laminate for Source |FPL 1824, 1561
virio\;so;z(elggelfn ratios and at various angles 6, Materizl| Selectron 5003/112-114, 42 pl, 0,125
Fig. 3. 12,
8 Process | PM-14 psi, 100 min, 220-250F
3.072.13 Combined effect of e(end)/D and e (edge} /D ratios en Test Té, 053
bearing strength of typical Polfc laminate, Fig. 4 v
3.072.13. DaD.5 | eledge)/D « 2.5
2.25° :
3.072.14 Effect pf teat direction on bearing properties of i
typical PolGe laminate, Fig. 3,072.14. g “L.75 :
-3 3 ve N
1 3.073 Precessing Effects - / r._____.-
& '
3,074 Environmental Effects \ /‘ 1,25 J
| 34
% 3.075 Other Effects B Z
t 3,08 Creep and Creep Rupture Properties 0.875 B
f 3.081 Creep and Creep RupCure 2 / ——1—
L 0,625 :
3.08l.1 Creep rupture curves for typical PolGe laminate at L — :
varipus angles @, Fig. 3.081,1, - T T 0, 500
b i
3.081.2  Creep rupture curves for typlcal PolGc laminate ar 0,375
RT te 500F, Fig. 3,081.2.
4 e — . ——— —
3.081.3  Creep rupture curves for notched and unnotched typical 15
PolGe laminate, Fig., 3.081.3.
i nate, Fig .0 L5 2.0 2.5 3.0 3.5
3,082 Total Strain e(END}/D
3.083 Master Curves FIG. 3.072.13 COMBINED EFFECT OF e@ND.)/D AND e(EDGE:)/D
RATIOS BEARING STRENGTH OF TYPICAL PolGc LAMINATE ¢
3,084  Other i

H
&

: Source |FPL 1824-A, 1960 i
! Materfal [Selectron 5003/184¢V | 0,47 pZP ;}.
' Process [FM-14 psi, 90 min, 220-250F
§ Teat T6, 053 :
DrY,  —u wmm ae Wet 3
——— 'x;
/ i
- ¥
20 S a0 I
t =9 pl, t = 5pi,
0.25 0,125
. D« 0,25 D= 0.50 Source | FPL 1803, 1956
Material| Selectron 5003/181—11{;, 25 pt, 0.25 -
40 Process [ PM~13 psi, 2 hr, 265F
S deasy — calzezt T6.053 D = 1/4 5
g
2w R 50 REEREES
tw9pl t=3pl, 35}
2 .25 0,125 45
= D« D.25 Dz 0,50
b}
ol
4 / ;
*° ':/ﬂ' - . / :
/ oo %
/ ' a5 < 5
20 - :
/ Gz 45 //' 9z 45 \‘-0/.//
t =9 opl, tasopl,
/4 0.25 0.125 o—""]
D = 0,25 D a 0,50 3 9 {47 deformation of hole diageter)
0 0.8 1.6 2,4,0 0.8 1.6 2,4 4] 20 40 &0 80 160
e(edge)/D ANGLE - &
FIG.. 3.072.12 BEARING STRENGTH OF PolGe (184 cloth) LAMINATE FOR FIG, 3,072.14 EFFECT OF TEST DIRECTION ON BEARTNG
VARIOUS eEDGE )/D RATIOS AT VARIOUS ANGLES @ PROPERTIES OF TYPICAL PolGe LAMINATE

i
3
i
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Saurce FPL 1863, 1957
Material | Paraplex P-43/ 181 Volan A
Process PM-10 psi, 20 win,220F + 70min,250?ﬁ
Test T6.D62ZLP _—
m—— man —— = WO
50 Dr
..
8a=0
s
40 &
N [ ]
. *®
30 —
—
202
o
e ——
10 » ¥ —
0 L
0, 001 0,01 a.1 1 10 100 1000
TIME - HR

FIG: 3.08L,1

Kei

CREEP RUPTURE CURVES FOR TYPICAL PolGe

TAMINATE AT VARLOUS AHGLES o

Saurce

WADC TR§3-491, 1953

Material

PDL~7-669/181

Frocess

PM-15 psi, 30 nmin, 221F + 3 hr, 500F

Test

T6.083

80F
300F

40 5Q0F

v e,
——]

Tension

e

Compression
—

—

Ty

300F RT

25

30 (4———-———

—\ﬁ-—“
SQ0F ‘

20

10

-y

0

po,
\l
R

0,1

1 10 1o 1000

TIME - HR

FIG. 3.08l.2 CREEF RUPTURE CURVES FOR TYPICAL PolGe

LAMINATE AT RT TO 500F

10,000

10,000

Ksi

35

30

25

20

Source FPL 1839, 195¢
Material Selectron 5003/181-114
Process PM-13 pei, 120 min, 220-250F
[ rest 76,064

» unnotched
O notched -(1/8D hole

*
Ksi Avg
-~
— e
Q.1 10 100 1000
TIME - HR

FIG. 3.081.3 CREEP RUPTURE CURVES FGR NOTCHED

AND UKNOTCHED TYPICAL PolGe LAMI-
KATE
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3.09 Fatique Praperties Source FPL 1823, 1958
HMaterial | Plaskon 911-11/181-114, 23 pl, 0,25
Process | PM-14 psi, 90 min, 220F

3.091.1 8-¥ curves for unnotched and notched specimens of -
PolGe (143 cloth) lamimate, Fig. % 0911, Test 6071 - Axial

3.0%1  S-N Curves

& Pnnotched D ' 3 4

b 3.091.2 8=X curves fot unnotched and notched specimens of ¢ Notched =— == == Ory, uncooled

i PolGe {18l cloth) laminate, Fig, 3,091,2,
25 -—

3.091.3 8=N curves for unmotched and notched specimens of
PolGe (181 ¢loth) laminate at @ = 0 and 45, Fig,
3.091.3,

g

F =0

/Lg,ll L[}

3.091.4 5=N curves for umnotched and notched specimens of 20 \
: PelGe (18l ¢loth) laminate showing effects of cooling

; during test, Fig. 3,001,4, \

v (Alt) - Ksi

', 3.091.5 B5-N curves in bolt bearing for PolGe laminate, Fig, :
| 3,09L.5. 15 L\ z
i 3,492 Stress Range Diagrams M £
5 o 1
x 3,092, 1 Stress range diagram for typical PolBec {181 cloth) 10 H
i laminate, Fig, 3,092.1.
: 102 103 10% 103 106 107 H

i

3.093 Other NUMBER OF CYCLES i

FIG. 3,091.2 S-¥ CURYCS FOR UNNOTCHED AND NOTCHED P
SP.CIMENS QF PolGe (181 cloth) LAMINATE

A L et o

Socurce | FPL 1823, 1956 £

Macerial | Selectron 5003/181-114 “
Pracegs ) PM-13 psi, 120 min, 220-250F ..
Test T6,073 - Axial

@ Unnotched Dry
O Notched-1/8D hole  =m — - Wet

35

4 \ A me
= 0
aMF o
Source |FPL 1823, 1958 \\

Material |Selectron 5003/1413-114, 26 pl, 0.2§

Process | PM-13 psi, 120 min, 220-250F \,&

Test 6,073 - Axial \

® Unnotched

L Netched- 1/8D hole : —\c\ \
5 R =

‘ A= Yy \K ~

\‘\ oue = 0 \\\ A L&

\ B ~ —§s
25 \ N :.‘\ \ .

M, po

]
@
1]
o
- {2TV) O

-
2 R
, 15 o~ 1.0
20 \ o =
bt Q
o} [ .
= ® 10 5
T o i
~ i
. O 5
- \-\ A *"‘—— 2.0 ;
5 ‘o.; i
10 —— ;
“\O\ * s o b
ﬁ — -l- b
9z 45 F
0
3 - 3 102 103 104 102 100 107 :
102 103 104 105 10 107
NUMBER OF CYCLES
NUMBER OF CYCLES FIG., 3.091.3 8-i CURVES FOR UNNOTCHED AND NOT-
FIG. 3.0%1l,1 S-N CURVES FOR UNNOTICHED AND NOTCHEL: CHEDd SPECIMEXNS OF FolGe {181 CLOTH)

SPECIMENS OF PalGe (143 cloth) LAMINATE TAMINATE AT & = 0 & 45

s e T ey —
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Source FPL 1823, 1938

Eaterial Selectron 5003/181-114, 23 pl, 4.25
Process | PM-14 psi, 120 min, 220-250F

Test T6.073

& Uncooled — unnotched

20 O Cooled — == — notched - 1/80 I_\D_le
N T

o =z (MEAR) » 8,06Ksi

B &:\\o‘ 6.21ks1 T

10 "\ 8 » \\\
&\

20,1
\\ DKE
15, 54Ksi—>’~
sl |

o (Alt) - ¥ai

102 103 10% 105 106 1’

NUMBER OF CYCLES

FIG. 3,091.4 §=N CURVES FOR UNNCTCHED AND NOTCHED
SPECIMENS OF PolGe (181 cleth) LAMINATE SHOWING EFFECTS
OF COOLING DURING TEST

Source FPL 1823, 1658

Material | Selectron 5Q03/18l-114
Process PM-13 psi, 120 min, 22D-250F
Test 16,073 - #xial

Bolt bearing thru 1/4 D bolt.
25

=1
= o=
20 Gl

15 AN

a (Alt) - kai

10 -

T~

10 107 10t 10° 108 107

NUMBER CF CYCLES

FIG, 3.091.5 S-K CURVES TN BOLT BEARING FOR PolGe LAMINATE

ALTERNATING STRESS AMFLITUDE - Ksi

Source FPL 1823-A, 1960

Material Selectron 5003/181-114, 26 pl, 0,25
Frocess PM=13 psi, 120 min, 220-250F

Test T6,073 « Axial

e Uniotehed  —e == Notched -1/8D hole

20 30 40 50
o (MEAN) - Ksi

FIG, 3,092,1 STRESS RANGE DIAGRAM FOR TYPICAL

PolGe (181 CLOTH) LAMIKATE
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3.10 Elastic Properties Source FEL 1807, 1960 H
: Material Selectron 5003/181-114, 0.8% BZP
Y 3.101 Modulus of Elasticity In Tension Process PM - 14 psi, 1 hr, 250F C
Test T6.086 %
! 3.101.1 Modulus of elasticity in tensfon for PolGe laminates 3.0 3
i with varicus cioth reinforcements and at various Y
X angles @, Ffg. 3.101.1. E (D) L
T ;
3.101.2 Effect of thickness on modulus of elagticity in / \ %
tension for Polge laminate, Fig. 3.101.2. 2.8 \ 2
L 3.101.3  Effect of thickness and voids on modulus of elasticity
3 in tension for Polfec laminates, Fig, 3.101.3.
3 -
; % 2.6
§ 3.101.4 Effect of thickness and surface sanding on modulus of ~
i elasticity in tensicn for PolGe laminate, Fig, 3.101,4, s E (s}
=3
b — T

3.101.5 Effect of test temperature on secant modulus in —— ]
tension for typical Polge laminate, Fig, 3.101.5. 2.4 /4

i 3.102 Modulus of Elasticity in Compression
z 3.102.1  HModulus of elasticity in compression for PolGe lami- 2.2
Q nates with various cloth reinforcements and at * 0 0.1 0.2 0.3 0.4 .5
various angles @, Fig. 3.102,1.
i THICKNESS - 1IN
3, 2 t t 1 i
i 102 E::;::EH:fnnhégzn;::icgnl::::a:: néizfa;fi;;leln FIG. 3.10l,2 EFFECT OF THICKNESS ON MODULUS OF
i ! ELASTICITY IN TENSIOK FOR PolGe LAMINATE

Source FPL 1B03 & 1803a, 1956
Material Selectron 5003/Gc indicated-114
Pracess 112 8143 PM, l4psi,ihr, J50F
181 PM, lipsi,2hr, 265F :
Test T8.086 b
—— B (1)
- — {3) i
4,
1&1 4
: 25p1, 0.25
5 3.0 Source | FFL 1831, 1954 ]
: —C), Material |'Selectron 5003/112-114 i
i N / Process | FM-14 psi, 100 min, 220-250F, XL :
3
2 . 6.086
i 2.0 —~ g Test T
2 4 © Voids - Leminate ~ Aw of 10 4
H 5.0 @ No vaids - Laminate - Avg of 5 b
: R 143
¥ ‘ £
B & 26pl, 0.25 AVoids - Facing from balsa core
E § OVelds - Facing from honeycomb core
: sl B No voide - Facing from honeycemb core
40 2.8 :
H ]
g L] / A.
i 3.0 2.6 ,-D/ 1
4 o D )
4
: 2 2.4 :
. \K . Y
i
; P ——l— 2 f_¢-
1.0 g \.
=
3 3.0 112 — 2.2
E ghp1, |o.25 '
g / &
: =]
-
: . \\ / - -
_ | 4
Loy bl % ] T 1.8

0 0. 04 0.08 0.12 Q.24 0.28
ANGLE -~ B

THICKNESS - IN
FIGs 3.101.1 MODULUS OF ELASTICITY IN TENSION FOR PolGe

y FIG. 3.101.3 EFFECT OF THICKNESS AND VOIDS ON
Alﬁg{:grgs HIT VARIOUS CLOTH REINFORCEMINTS AND AT VARIOUS MODULUS OF ELASTICITY IN TENSION FOR PolGc LAMINATES
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ET - 1000 Ksi

Source FPL 1831, 1954
Material | Selectron 5003/18i-114
Process |PM-14 pai, 100 min, 220-250F
Test T6.086
@ Unsanded
2.8 © Sanded
2.4 /,:
2,2
2.0
1.8
0 .03 0,086 0.09 0,12 0,13

TRICKNESS - IN

FIG. 3.101.4 EFFECT OF THICKNESS AND SURFACE SANDING
ON MODULUS OF ELASTICITY IN TENSION FOR PolGe LAMINATE

Spurce |Douglas, 1955

Material|Selectron 5016/181, 12 pl, D, 125,
116R3~48, & pi, 0.0

Process tVB, 1 hr, I140F + 1 hr, 225F + 10 hr,
3007

Test T6.087

' . Epgld)

—
ckhh“\“‘z‘

2

B -‘“\\i:i
0
B
L=}
[=]
3 \
2

wy

A
fal

a 100 200 300 400 500
TEMP - F
Fig, 3.181.5 EFFECT OF TEST TEMPERATURE ON SECANT
MODULUS IN TENSION FOR TYPICAL PalGc LAMINATE

- 1000 Ksi

E
[

E; - 1000 Ksi

Source FPL 1803 & 1B03a, 1936
Material | Selectron 5003/Gc indjcated-ilé
Process | 112 & 143 PM, 14 psl, 1 hr, 250F

181 Py, 13 psi, 2 hr, 265F
Test T6.086
181
4.0 25p1, 0.25
ﬂ
4 in schimen /.
| y.
3.0 1\\~‘~J-_._;;jr
™1 in
143-
26pl, 0.2
4.0)

L&

3.0 112

rr—\. sapl, 0.2b —*
2.0 AN pad

Neee-"T"

1.0
Q 20 40 60 80 100
ANGLE - @

FIG. 3.102.1 MODULUS OF ELASTICITY IN COMPRESSION FOR
PolGe LAMINATES WITH VARIOUS CLOTH REINFPORCEMENTS
AND AT VARIOUS ANGLES @

Source FPL 1807, 1960

Materigl| Selectron 5003/181-114, 0.B% BZP
Process | PM - 14 pai, I hr, 250F

Test T5.086

~
2.8 \\-.‘

3.0

2.6

V] 0.1 0.2 0.3 0.4 0.5
THICKNESS - IN

FIG. 3.102.2 EFFECT OF THICKNESS ON MODULUS OF ELASTICITY

1IN COMPRESSTON FOR TYPICAL PolGe LAMINATE
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3.103.3

3.103.4

3.103.5
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MATERIAL SYSTEMS

Tangent modulus vs comptession strength for PelGe
{112 & 143 cloth) laminates at various angles 9, Fig,
3.102.3.

Tangent madulus vs compressicon strength for PolGe
(181 cloth) laminate at varicus angles 8, Fig. 3.102.4.

Tangent modulus vs compression strength for PolGe
iaminates, under dry and wet conditions, Fig. 3.102.5.

Modulus of Elasticity in Flexure

Effect of span depth ratic on modulus of elasticity
in flexure for PolGe laminate, Fig., 3.103.1,

Effect of thickness on modulus of elasticity in flex-
vre for PolGe laminate with voids, Fig. 3.103.2.

gffect of meisture absorption on modulus of elasticity
in flexure for PelGe laminate, Fig., 3.103.3.

Effect of weathering on modulus of elasticity in
flexure for PolGe laminates, see Table 3.054.3,

Effect of prestress and water absorption on modulus
of elasticity in flexure for PolGe laminates, See
Table 3.055.1.

Source FPL 1ig03-A, 1556
Materisl | Selectron 5003/112-114, 84 pl, 0.25
Process | PM-14 pei, 1 hr, 250F

Test
3 Y
=0 l 112-114
84 pl, €.25

15

r——\}

[~

./g
7

wo

15

%0
T~ 75

a
a 10 20 30 40 50

oy - Ks1l

F1G. 3.102,3 TANGENT MODUTUS ¥5 COMPRESSION STRENGTH
FOR PolGe (112 & 143 cloth) LAMINATES AT VARICUS
ANGLES @

Source |FPL 1803, 1954
Materiall{Selectron 5003/181-114, 25 pl, G,25
Process ] PM, 13psi, 2 hr, 265F
Test 16,086
&
e=0
- 3 )
o 90
o —
S 15
— g — e
r 2
E L. 75
- .
1 M,
45
0
1] 10 20 k4] 40 50
Opy - Kst

FIG. 3.102.4 TANGENT MODULUS VS COMPRESSION STRENGTH
FOR PolGe (181 cloth) LAMINATE AT VARIOUS ANGLES @

Source FPL 1820-4, 1960
Material | Selectron 5003/G, indicated
Process | PM-14 psi, 100 min, 220-250F
Test T6,086
Bry, — i — WE
6=z=0
& A
57x - 114 \;o ~
3
2
— — ——
- \\ 1]
~ qQ .~
1 n
—
4
8l - 114
3 e e o —
‘\P
e e e e = | 99
~
2
3
== 60
. ™
\l
hes - 114438 °
\\ 90 N\
.1 W
9 4her - 116
<
=1
S
—
'
3 —
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s D T
— — — ==\
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2 90 =
4 [LB3 - 114
g=20
3L ‘% ‘\\‘:j\;
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90 ‘:
2
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Yoy T Ksi

FIG. 3,102.5 TANGENT MODULUS VS COMPRESSION STRENGTH FOR
PolGe LAMINATES UNDER DRY AND WET CONDITIONS
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MATERIAL SYSTEMS

Source FPL 1807, 1%60
Material | Selectron 5003/181-114 0. 8% BzP
7 pl, 25 pl, 50pl
Process | PM-14 psi, 1 hr, 250F
Test T6.086
3.0
&
-
2 2.8 4
@
&
& s 1 7
o 2.6 —
/ .« *
2.4
Q 10 20 30 490 5¢
L/D
FIG. 3.103.1 EFFECT OF SPAN/DEPTH RATIO ON THE

MODULUS OF ELASTICITY IN FLEXURE FOR PolGe LAMINATE

Source FPL 1831, 1854
Material | Selecrron 5003/112-114
Process | PM-14 psi, 100 min, 220-250F
Test T6.084
# Laminate
A Facing balsa core .
B Facing honeycomb core with volds
4.9
A
3.5 ——
. o N
- 30
o
¥
§ ]
o~
F s . h,
[
2]
2.0 7
A
1.5 I\{
Q 0,02 Q, 04 0,06 Q.26 0,28

FIG. 3,103.2

THICENESS - IN

EFFECT OF THICKNESS ON MODULUS OF ELASTICITY

iN FLEXURE FOR Pol{c LAMINATE WITH VOIDS

Source FPL 1819,1956
Material | Selectron 5003/181-114
Process | PM-14 psi, 100 min, 220-250F
Tast T6.086
VO N
@®RT, 50% RE A RT, fmmersed
O RT, 6422 RH # RT, 100% RH
ART, 50% RR O 100F, 100% RY
2.8
.,.‘ Q
&)
£
o L J
3
~ 2,7 T — A
E
- A
& S
n
2.6
g 0.2 0.4 0.6 0.8 LG
MOISTURE ABSORPTION - %
FIG. 3.103.3 EFFECT OF MOISTURE ABSORPTION ON MODULUS

OF ELASTICITY IN FLEXURE FOR PolGe LAMINATE
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£ A —————
4 36 af 3 3.104  Modulus of Elasticity Tn Shear Source | FPL 1803-A, 1956
3 t 1[sel 003/143-114, 26 pl, 0. -
; 3,104,1 Modulus of elasticity in shear for Pollc lamipates Materia electron 5003/143-114, pl, 0.2 i
E with various cloth reinforcements and at various Pyocess |[PM-14 psi, 1l hr, 250F ¥
angles &, Flg, 3, 104,1, Tant T6.086 z
H 2.5 = ¥
# 3.104.2, Tangent modulus va shear strength for PolGe laminates 8 a-45 143 - 114 i
3 with various cleth reinforcementa, Fig, 3,104,2, 26 pl, 0,25 i
: s H
3,104,3 Tangent modulus vs shear strength for PolGe {112 and i/
E 143 cloth) laminates at various angles o, Fig. 3,104.3, 2.0 ¥
i 3.104.4  Tangent modulus vs sbear strength for PolGe {181 cloth 30 :
laminate at various amgles ©, Fig, 3.104.4. |
3 1.5L
: Source FPL 1807, 1960
: Material Selectron 5003/181-114, 0.8% RZF i
F Process BM - 14 psi, | hr, 250F A5
Test T4.086 1 of——
: 20 :
151 ] :
ZSpl),O.TS L. i
i -‘——-—_1_._ P
\\ / o5 D T — ;
10 Ol 0
* \P\"/r’ 2 \
: <
: <]
S o \ !
] 1.5 H
3 143 & -
- 25p1, 0,25 55 ——— F 5
& 143 :
2 . Lo - :
S 2 112 - 114 £
' B4 pl, ©,25 5
-30
[——
) K I ==t [~ 30
10 *
0 o ML_ 0
20 _
112 0 5 10 15 20 25
84 pl, 0.25 Ogp - Xsi
, reld
ke FIG. 3.104.3 TANGENT MODULUS V5 SHEAR STRENGTH FOR PolGe
10 \ (112 & 143 cloth) LAMINATES AT VARTOUS ANGLES @
Q
-y —7 20 [
ANGLE - @
FIG. 3.104,1 MODULUS OF ELASTICITY IN SHEAR FOR PolGe
LAMINATE WITH VARIOUS CLOTH REINFORCEMENTS AND AT
VARIOUS ANGLES 8
fsource ™ T'wpr, 1820-4, 1360 Source | FPL 1803, 1956
Eaterial Selectron 5003/Ge indicated Material| Selectron 3003/1B1-114, 25 pl, 0.25 :
[process | P14 psi, 108 min, 220-230F Process | PM-11 pai, 2 hr, 265F ?'
est T6.086 2.0 Test T&.086 ;
0,8 l.;r 181 - 114
8= -
181 25 pl, 0.25
o5 1533' 1.5 45 B — t
= T F — 81 ]
4 164 :2' +30 i
2 \ o Hk\ :
[
s 575 N g 1o :
0.4 - = RN §
¢ i
B ) 164 v 2
W +\ [ E
N . i
0.2 i, ¢
5
& 5 g
Bl'j :\‘. — a1 é
- :
183+ 0 5
0 B
bl 7, 5 3 10 0 5 10 15 20 25 i
: ) , - Ksi 7
Ogy Ksi 80
FIG. 3.104.2 TANGENT MODULUS VS SHEAR STRENGTH FOR FIG, 3.104.4 TABGENT MODULUS VS SHEAR STRENGTH FOR

PolGe LAMINATES WITH VARIOUS CLOTH REINFORCEMENIS PolGe (181 cloth} LAMINATE AT VARIOUS ANCLES ©
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MATERIAL SYSTEMS

GENERAL

Desigrations

Handbook Code Designation: P02Ge. This cede refers
to a polyester-glass cloth laminate system having im-
proved mechanical properties and thermal resistance
compared to PolGe, The resin is 100% reactive and
composed of unsaturated alkyd resins disolved in sty-
rene mopomer,

Commercial Designatians

Commercial daasignations are as lndicated in data re-
ported in this section.

Typical commercizl designations include: Vibrin
X-1047, Laminac 4232, ete,

Alternate Designations

Specifications, Table 1.02.
Composition

Materials included in this section are systems of
resin and reinforcement combined into laminates by
varicus procesaesd, + The system composition includes
apecial purpose, to improve mechanical propertiea,
polyeater resins and standard glass cloth reinforce-
ments.

For normal structural applications a resin content of
30 to 40 percent appears to be standard,

Due to wide spread acceptance and use, 181 weave glass
c¢loth is used as a basic reinforcement for data re-
porting,

Additional informarion on polyester-glass cloth lami-
nates will be found in Section PolGc which describes
the general purpose polyester systems,

Other material systems utilizing different resins or
reinforcements will be found elgewhere in this Manual,
Individual primary materials are described in Manual
1c,

Forms and Conditions Available
Po2Gc can be praduced in shop by utilizing individual
resins, powder or liquid, and glass cloth in the wet

lay-up process,

Prepreg, B-Stage, material can also be readily secured
with a variety of compositions,

Po2Ge can he secured in a variety of fabricated shapes,
but only properties of the material in sheet form are
reported herein,

Due to inherent properties of this material, it can be
formed and produced in almost any shape or mize.

Special Considerations

Careful consideration should he given to the recommen-
dations and experience cof material supplier with re-
spact to handling, storage, processing and curing.

PHYSICAL AND CHEMICAL PROPERTIES
Thermal Properties

Thermal Degredation

Conductivity

Expansion

Specific Heat

Diffusivity

Emigsivity

Ablatien

Other

TABLE 1,02
Source Ka, Title
Military MIL-P-25395 Plastic Mater-
(USAF) ials, Heat Re-
sistance, Low
Pressure Lami-
nzted, Glass
Fabric Base,
Polyegter Resin
Military MIL-R-7575 Regin, Polyester
Low Preasure
Laminates
Military MIL-R=250424 Resin, Polyegter

High Temperature
Resigtance, Low
Preassure Lamina-

ting
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2.02 Electrical Properties TABLE 2.023.1 H
2.021 Resistivity Sontce MIL-ReZ5042A MIL-R-7575 L
% . Favree ;
E 2.022  Conductivity Test T5, 032LP (B500 to 10,000 ¥C)
i ic P .
: 2.023 Dielectric Properties Specificd crade B avg of & :
2.023.1 Specified dielectric constants and loss tangents, Type or IE1 Avg of 3 L ZC1ES; 4
u Table 2.023.1. Class
» Dielectric
Gonstant 4
Dry-Max 4,371 3.6 | 4.0 42144 r
ta [4+3 to to 4
L 4,0]4.2 [2.4 4.6
b Wet-Max 4.4{1}
£
; Loss Tangent (23
B Dry-Max 0, 025
I Web-Max 0. 0at
(1) + 3% change in value of standard condition over specified.
(2) Temperature range 0,045 over specified temperature range,
: )
B
2.023,2 Typlcal dielectric conatants and loss tangents for
various P02Gc lawinates, Table 2,023,2. TABLE 2,023.2
2,024 Magnetic Properties Source WADC-AF-TR-6602
1951 3
2.025 Other Material Vibrin X-1047/
181-114, 14 pl i
2,03 Other Physical Properties %
Process PM, 90 ain, 176 5:
2.031 Density to 248F BZF, 2% 13
£
2.032 Water Absorption Test 10,000 MC a
2
2.032.1 MIL-R-25042A specified water absarption after 24 hr rc - % 16 %
: immersion is 3,37 max increase in welght. 3
N Constant ]
. 2,032,2 MIL-R-7575B, Crade 8, specified water ahsorption after Dielectric &
24 hr immersion is 0.5% max increase in weight. Dry 6. 04 %
2.033  Other Wet 5. 2t
: Loss Tangent 5
Dry 0,012 ¥
Wet 0. 059 !
&

; ;
; :
£
F
TABLE 2.041,1 )
H
£
Source MIL-R- | MIL«R- [ MIL~R-| M[L-R-| MIL-R- | MIL-R- E
250524 f 75758 | 250424 7575B | 250424 | 7575B §
(2) (€3] @2y | 2 (1)
2.04 Chemical Preperti
! * mical Sropefbies Immersion in |MIL-H-5606 MIL-F-5366 | MIL-8-3135
H 2,041 Chemical Resigtance Hydraulie fluid Anti-icing Hydrocarhon Test
H Chemical fluid|petroieum base | £luid iso=- fluids and isc-oc-
2,041, 1 Specified chemical resistance te certain fluids, propyl aleo- | tane
£ Table 2.041.1. hol
2,042 Fire Resgistance Properties Test T3.042 LP
-
o T —
E 2.042,1 Combustion rate, MIL-R-250424 and 75753, Grade B, Al ma 2 0.2 2 o1 2 0.1
k specify a maximum of 1.0 inch per minute as tested by A% max Q.2 0.2 .1 a1l 0,2 0.1 £
T3, 0313LF. :

2.043 Environmental Properties (1) Grade B, Of, aftey immersion shall be reported.
i 2,05 MNuclear Properties (2} g, = 43 ksi
H

e s S
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Po 2 Ge
3. MECHANICAL PROPERTLES TABLE 3,013 3of 11
.01 Specified Mechaniral Properties
Source MIL-7575B, Grade B
3.011 MIL-R~23042a Specified Mechanical Properties, Table L
3.011. | Material Polyester/1BL - 0,125
3.012 MIL-R-25395 (USAF) Specified Mechanical Propertivs, Frocess LPM, 10 - 30 pai
Table 3,01Z,
Property Test Conditicns
3.013 MIL-R-7575B, Grade B, Specified Mechanical Properties, Test
Table 3,013, Avg of 5 | Stand- , 160F | Outdoor
ard |after |Weathering(2)
1/2 h 90 d 1
TARLE 3,011 L . __J_,w_k_ul.____l /2 b ayEy L year
O min ~ksi T, 013LP 50 - - -
" — I Type 2
’—Scurce MIL~-R-250424 wet(l)  ~ksi 48 - - -
Material Polyester/glass cloth €, min ~ksi T6, 0221P L5 - . -
Process wat(l) =ksi 40 - - -
Property Test Test Conditions Oy, Win ~ksi T6, 032LF 65 44 50 50
wet{l) “ksi 50 -~ - --
Avg of 5|Stand-| S00F  after Qutdoor
ard [1/2 hr|192 hr] Wgzthering(i) E, min - 1000 ~ksi T6, 03218 3,2 2.6 2.7 2.7
days year wet{1)1000 ~ksi 3.1 -~ -- -
¢, min - ksi T6,013LP] 35 18 -- - - Hardness BHN Th, 063LP 55 _— - -
tu i
Type 2
wet{1)~ksi 33 - _— e - re 4 Tz, 042LF te be
Geys mim - ksi | T6.022LP 30 |15 -- -~ -- S5p g T2, 052LP reported J
wet(1)=ksi 28 -- - -~ --
Og, min - kel | T6.032LP| 48 30 17 .- -- {1} 30 days in water
wet{1)-ksi 43 - -- -~ .- (2) Samples shall show no ¢racking, crazing, delamination, nor
any other visible deterioration after expasure,
B¢, min-1000 ksij To.032LP | 2.8 ) 2.0 1.5 2.4 2.4
(3} vp, after immersion in chemical filuids = 43 kal, see zlso
wet{1)1000- | Table 2.051.1,
ksil 2.4 |- - - -
Hardmess - BHN | T4, 063LP | 55 -- -- .- --
re % T2, 042LF te be
Sp g T2.052LP reported
TABLE 3,012
{1) 30 days in water.
(2) Samples shall show no Source S e —_— WII-P-25595 (JaAT
crackling, crazing, delami- _
natien, mor an):’ other visi- Material Polyester/glass clath - 0.125 + 0,010 __‘
ble deteriaration after e -
EXPOSUTE. - mi GL th desi ti
(3) o, after lmmersion in Property - min. ass cloth designation
chemical fluids = 43 ksd, 12 e |zo fies ez ez Jiee  [181 or 1m2 | 183 184
see alsa Table 2.041.1. 12 e a0 s i 2 “ o
a dry -ksi 35 35 35 35 70 a5 29 a5 35 35
tu?
wat ~ksi 33 33 33 33 66 33 26 33 33 33
500F after
142 hr -ksi 13 18 18 18 35.5+18 18 138 18 18
a0 Y ~ksi 28 26 30 30 42 15 15 30 26 24
wet ~ksi 26 24 28 18 38 13 13 28 24 21
500F after
1/2 br ~kst 13 13.5¢1 15 10,5 21.5} 7 7 J L5 13,5 115
I R P— _
Senr dry -ksi 48 43 43 43 a0 30 30 48 43 43
wet ~kai 43 37 37 37 70 26 26 43 38 38
500F after
1/2 hr -ksl 30 26 30 26 52 19.3 19.3 30 26.7 ] 26,7
500F after
192 hr -1000-ksi 17 14,7 10.9 17 15,11 15,1
-
Ef(i), dry ~1000-ksi 2.6 2.6 z.2 2.8 2.6 2.6
wet =1000-ksi 2.4 2.4 2.0 2.4 2.4 2.4
500F after
1/2 hr = 1000-ksi 2,00 2.6 2.0 20 3.6 1.68 1,68 2,0 2.0 2.0
500F aiter :
192 hr - 1000-ksi L5 1.5 1.5 1,5 .7 i.3 1.3 L5 1.5 1.5
- | ] dl L 3
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3.02 Typical Mechanical Properties
3.pzl Typical Effects of Qutdoor Weathering under Different
Conditions on Mechanical Properties of Polge Lawinates,
Table 3.021.
3.03 Tension Properties
3,031 Stress Strain Relationshipas
3.032 Physical Effects
3.033 Processing Effects
3.034 Envircenmental Effects
3.034.1 Effect of exposure and test temperature on tenailon
streagth of Po2Gc luminate, Fig. 3.034,1.
3.035% Other Effects
3.04 Compression Properties
3.041 Stress Strain Relationships
3.042 Physical Effects
3.043 Processing Effects
3.043.1 Effect of cure pressure on compression strength of
PolGe laminates at room and elevated temperature,
Fig. 3.043.1.
Source Mil-Hd bk 17, Part 1, 1955
Material | Laminat 4232/181-13
Process
Test
0, r— 9 =0
- — B = 45
3
3007
.
25 \\
/"' '\ 400 \
20
-'-—-—_~_‘
500
o 15 - .
S
,.1: 500 \
£ m_&\__ —_— -x
Lo ——
760 @0 ‘- ~ &
w | ™~
500 N
5 ]-—1r — — -
ggor —_ ™~
]
0,01 ol 1 0 100 10600

TIME - HR

FIG, 3.034.1 EFFECT OF EXPOSURE AND TEST TEMPERATURE ON

TENSION STRENGTH OF P(Q2Gc LAMINATE

oy - kei

FIG, 3.043,1

TABLE 3,021
Source MIL-HANDEOOK ANG-17 W
Parc I - 1955
Materials PDL-7-669/181] Vibrin X-1047/181
Test T&,013LP and T4, 023LP
|3 yr outdoor|
Weathering
Conditions Salt | Artic Arid | Artie
Ty ™ kai 23.141 26,5 27,21 30.4
Change from
control - % | -33 j -24 =33 } =25
Oeg ~ ksi 26,11 36,5 23.9| 29.2
Change from
control - %L | -27 |42 -8 +13
Materigl | Resin indicared/181-114, 2% BZP,14 p]
Process [ PM, psi indicated, 30 min, 176-248F
+ post cure 24 hr, 350F
Test WADG

® A No post cure

oAQ pOSt cured

Test Temp|
RT

Vibrin X-1047

300F
1/2 br

20

E
N

B

-

10
400 gy Vibrin X-1422
——T'_
=
—_
30 ,
P4
L ]
20
30| 3007 —
1/2 hr —— —‘gi'
] A ‘
~ ..-——-'—ﬂ'
F 3
20

Tmt=¢-7
10

CURE PRESSURE - psi

EFFECT QOF CURE PRESSURE ON COMPRESSION

STREKGTH OF P02Ge LAMINATES AT ROOM
AND ELEVATED TEMPERATURES

o gt i mi

RS ST i
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Po 2 Ge
3,044 . 5 of 1i
. Environmental Effects Saurce WADC 6602, 1951
3.044.1  Effect of exposure and test temperature om compression Material Y‘E’““ *-1047/181-11%, 27 BZP, 50%
strength of PolGe laminate, Fig. 3.044.1, Iriallyi cyamurate, 14 ol
Procesg | PM, psi indicated, 30 min, 176-248F
3.05 Flexure
Tegt WADC
¢
3.051 Stress 3train Relationships Cure RT T
Pressure | rc Gy, ~ ksi
3.052 Phygical Effects psl % fu
1.053 Processing Effects ® 10 140-42 38.4
015 [35-37 43,2
3.053.1 Effect of cure pressure on flexure atreugth of PoZgc B 20 933-35 42.2
(¥ibrin X-1047} laminates at variocus exposure and nas 30 2.4
test temperatures, Fig. 3.053.1. 50
45 \\
-
e —
40 oy o
’ e —
g
\ 300F

35
30
2
o
25 -1
z AN
2
£

Source Mil-Hd bk 17, Part 1, 1955 500F

Materiel] Laminac 4232/181-136 ~ #
Process —

Teat —

~BT [ 4 26 144 192 240

EXPOSURE TIME - HR

FIG, 3,053,1 EFFECT OF CURE PRESSURE 0N FLEXURE STRENGTH
3007 OF PO2Gc (VIBRIN X-1047) LAMINATES AT
L VARTOUS EXPOSURE AND TEST TEMPERATURES

—

\

E 15 4 &
. &I | T N \ |
5 ]
1 s
50
S \
400 _
500 "\
o 500 \T\
$ 5
€ 500
0.0 1 10 100 oo 10,000
TIME -~ HR

¥IG, 3.044,1 FFFECT OF EXPOSURE AND TEST TEMPERATURE OX
COMPRESSION STRENGTH OF P02Ge LAMINATE
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3.053.2

Opy ~ kst

Effect
(Vibrin

of cure

MATERIAL

pressure on flexure strength of Pol2ge
X-1422) laminates at various exposure and
test temperatures, Fig. 3,053.2,

Source WADC 6602, -1951
Material| Vibrin %-1422/181-114, 2% BEE, 55%
| triallyl eyanurate, 14 pl
Process | PM, psi indicated, 30 min, 176-248F
Test ADC _ N
Cure re RT
Pressure | % _apy-ksi
10 [39-i7 47.4
015 [39-40 46,7
»za 35-36 47,0
o2s 33 44,9
45 i
—tr
40 St
- L~
/D, “ " 3008
35 ,’ _Z’ ///
/ /' 47
30 //
25
20
Pl
15 K
10
500F
0
0 48 26 144 192 240

EXPOSURE TIME-HR

FIG, 3.053.2 EFFECT OF CURE PRESSURE ON FLEXURE STRENGTH

OF PO2Gc (VIEBRIN E-1472) TAMIMATES AT
VARIOUS EXPOSURE AND TEST TEMPERATURES
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MATERIAL SYSTEMS

3,053,3 Effect of various post cures on the flexure proper-
ties of Po2Ge (Vibrin X-1047) laminates, Table
3.053.3.
3.053.4  Effect of various post cures on the flexure proper-
ties of Po2Ge {Vibrin X=-1422) laminates, Table
3.0533.4.
TABLE 3,0533.3
Source WADC TR 6602, 1951
Material Vibrin X-1422/181-114, 14 pl, BZF, 2%
Fracess PM, 15 psi, 20 min + 15 min + 175 - 185F + 248F + Post Cure
Property 24 hr | 16 hr | 24 hr | 5 hr § hr 16 hr 24 hr 1 hr 3 hr 5 hr 8 hr
Avg of 2 None | 350F | 400F | 400F | 450F | 450F 450F 450F >00F 500F 500F 300F
Ten -ksi | 40,6 145.5 [47.8 [42,5 [30,9 | 47.2 46.2 44,0 46,6 50.1 47,1 44,8
after 1/2 hr at
300F =ksi | 26,0 {36,7 40,8 40,2 [42,7 | 44,1 41,9 42,5 37,0 4l.4 40,0 40,13
500F -ksi | 20,6 21,7 219 [20.7 {22.7 | 28.3 27.4 27.8 28.8 32,9 31,7 33.5
after 24 hr at
300F ~ksi | 34,0 36,2 40,3 140,3 [45.2 | 43,5 40.9 42,9 40.8 45.5 43,1 40.8
500F -ksi | 32.7 |3L.6 [30.2 |31 32.7 | 3.9 27.0 28,2 30,8 32,8 32,8 31,4
after 72 hr at
300F ~ksi | 344 | 36,8 40,0 (41,3 [42,2 | 45.0 4.4 42,04 42,9 43,3 43,13 41,9
500F ~ksi | 20,3 | 20,1 |20,2 (20,9 {203 | 24,2 20,9 21,3 21.98 23.3 23,6 20,8
after 182 hr at
300F -ksi | 37,9 | 29,3 [ 40,7 [42.4 |46.5 | 45.2 40.9 43.2 45,8 47,0 47.6 41,13
500F -ksi | 11,7 | 1L,0 [1L.4 [11.5 [12.7 | 1L.5 i1.4 10,4 12.9 13.3 14,9 12,6
E, -1000 ksi 2,92 | 2,747 3.58( 2,90 3.0 2.5 2.62 2,83 2.46 2,74 2.92 2,45
after 1/2 hr at
360F - - 1000 ksi 2,541 2.6L| 2,49 | 2,30 2,43| 2,51 2,59 2. 59 2.3 2,34 2,50 2,30
500F - 1000 ksi 1,98 | 1.83 ) 1,87 1,82 2,14 2,27 1,85 2,03 2,25 2.14 2.013 2,12
after 24 hr at
300F - 1000 ksi 2,44 | 2.5 2.5 2,41 | 2,66F 2.42 2,36 2,47 2,66 2,52 2.55 2,78
500F - 1000 ksi 2,21] 2,08| 2,05 2.21; 2.267 2.01 2.03 2.00 2,21 2,32 2. 04 2.08
after 72 hr at
300F - 1000 ksi 2,551 2,77 | 2,51 2.70 | 2.57] 2.57 2,04 2.71 2.43 2,43 2.58 2.38
500F - 1000 kst .96 1.95| 1.84| 2,16 | 2.29; 2,58 2,04 2,05 2.28 2.09 2.28 2.05
after 162 hr at
300F - 1000 kst 2,211 2,45 2,30} 2.66 | 2.34| 2,48 1.6l 2,39 2.52 2,85 2.50 2,43
500F - 1000 ksi L. 354 l.SUJ .55 L7% | 1.%7, 1,61 1,61 1.71 1.90 1.83 1.79 1.78
TABLE 3,053.4
Source "TWADC TR 6602, 1951
Material Vibrin X-1422/181-114, 14 pl, BZP, 2%
Process PM, 15 pai, 20 min + 15 min + 175 - 185F + 248F + Post Cure
Property ¥one (24 hr |16 hr |24 hr | S hr 8 hr 16 hr | 24 hr 1 hr 3 hr 5 hr B hr
Avg of 2 350F |400F | &400F | 45QF | 450QF 45QF 450F 500F 500F 500F 500F
Ogy .8 43,8 (43 45,6 | 42 46,7 43,5 49,5 43 48 48 44,5
after 1/2 hr at
300F -ksf | 22,7 |2%,2 |32,6 |39.6 [ 36.7 | 38,9 35,1 41,8 35 -- 27,1 26.2
S00F -ksl | 12 4,1 | 11,7 |12.4 | 18.% |13.6 12 9.9 17 13,4 12 12
after 24 hr at
300F -ksi | 27.5 | 34.2 |34.2 |40 38,7 | 38,8 9.8 38,2 37.1 26.4 21.1 18,7
500F -kei [ 16,9 | 19,8 |19.1 |19.% | 21.4 | 22,6 19,8 19 21,7 21.6 13.8 18.2
after 72 hr at
300F -ksl | 30,2+ | 25,5% |40,2% | 39, 1% | 38,8 |42.8 4Q. 6% 9.7 | 20,9 29.1 20.¢6 15.2
500F -ksi | 18,1 | 18,8 |18.4 |17.0 | 18.5 |1B.4 15.7 18.5 18.5 19,2 19.4 1%.6
afrer 192 hr
300F -ksi | 36,8 |39,7 |15.6 |&0.7 |4&0.5 435 39.5 392.8 20.6 21,1 22.4 22,5
S500F ~ksi | 1l.4 |12.8 |12,3 |12.6 |12 11.4 1.5 12 11.38 12,1 12.8 1z2.8
E. - 1000 ksi 3.05 | 2.58 | 2.54 | 2.76| 3.08{ 2.83 2.4 2.54 3.06 3,10 3,35 3.4
after 1/2 hr at !
300F ~1000 ksi 2,32 2.390 2,32 | 2.34| 2.43| 2.4 2.1 2.13 2,35 -- 1.32 2,01
S00F . =1000 ksi L49 | 1,97 i L3210 L4 2,22 L71 1.25 1.04 1.82 1.4 .67 1.1
after 24 hr at ]
300F -1000 ksi 2,73 2,27 | 2.33| 2.51 | 2.42| 2.32 2,31 2,22 2,29 1,2 1. 36 1,04
500F -1000 ksi .66 1,75 1,81 1,73| L78| 1.73 L44 1. 52 1.82 1,82 L 14 1.6%
after 72 hr at
300F ~1000 ksi 2,424 2.2L% 2.33%| 2.29 | 2.55| 2.46 2.19% ] 2.36% | 0,96 1,56 L.44
S0CF -1000 ked 1.8 .72 1 L6863 La&9| 1,73 Ll.%% 2,13 187 1,89 1.94 1,91 1,92
after 192 hr at
300F - 1000 ksi 2,5 2.35| 2,08 2,45 2,481 2,61 2.40 2.28 1.19 1,02 1,04 1.6
500F =1000 ksdi 1,721 1l.67 | 1..51) 1.80| 1.62 ]| 1.68 === 1.56 2,49 1,85 2.0 1,33
*
after 48 hr at temperature
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additives and
glass finish on flexure strengths.

31.054 Eavironmental Effects

3.054,1  Effect of EXposure and test temperature on varipus
Polgc laminates, Fig. 3.054,1.

3.054.2  Effect of Bxpogere and test temperature on Po2Gc
(vibrin ¥-1047) laminete, Fig. 3,054,2.

Source WADC 6602, 1951
Material | Resin indicated/181-114, 2% BZP,
14 pl
recess PM, Z5psi, 30 min, 176-248F
Tent WADC
Regin rc=% RT op-kei
® Vibrin 112 I35 87.5
O Vibrin 114 27 50.1
® Vibrin 115 |29 63,13
A Vibrin 132 28 51.5
& Laminac 4128(30 67.9
& Marco 29C 1 60,2
50
300F
40

el pulll R

-~

20

v
3 /I
s

- » -
-~
/"’ -
et L —
10 _—-'-n-.“__
o - 500F
1
)
B 8
10
=
0
o 48 96 144 192 240

EXPOSURE TIME, HR

FIG, 3,054.1 EFFECT OF EXPOSURE AND TEST TEMPERATURE 0N
FLEXURE STRENGTH OF VARIOUS PO2Gc LAMIMATES

Oy ksi

FIG.

Source | WADC 6602, 1951

Material | Vibrin X-1047/181-114 2% BEZP, 507%
| triallyl cyanurate, 14 pl

P?écess j PM, 25 paf, 30 min, 17-6—2459

Teat { wang T

RTG}"U‘ RTapy
ksi ksi
®43.3 43,3
5 0414 A 3B,5

g '

Iy
—] 100F

Al

il
.
25 _‘a —x

20 Y \

™ ~ \\ 500F,
15 N \.
~
0 48 96 a4 192 240

EXPOSURE TIME-ER

3.054,2 EFFECT OF EXPOSURE AND TEST TEMPERATURE
STRENGTH OF P02Ge (Vibrin X-1047) LAMINATE
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o

a
/

a 48 g6 144
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240

FIG, 3.054.3 FEFFECT OF EXPOSURE AND TEST TEMPERATURE
STRENGTH OF P02Ge (Vibrin X-1422} TAMINATE

0¥ FLEXURE STRENGTH OF PO2Ge (VIBRIN X-1039)

LaMI

3.054.3  gffect of exposure and test temperature on Polic
(Vibrin x=-1422% laminate, Fig., 3.054.3. Source WAJC 6602, 1951
3.055 Other Effects Material  Vibrin X-1039/181-114, 2% BZP,
14 ol
3.055.1 Effect of various addirive concentratfons on flexure E;Bcess PM, 25 psi, 30 min, 185-248F + Post
strength of Po2Gc {Vibrin %-1039) lamipares at various Cure
exposure and test t
P n es emperatures, Fig. 3.055.1. Test WADG
dial-
RT 1yl
rcla triallyl phth- iPost
FU . |
cyanurate |Styrene|alate iCure
7] ksij pph pph Pph I
36| 5L,3) 75 25 -- None
28| 55,9 50 50 -- None
314 46,0| 50 -- i 50 None
50 324 51,21 50 -- 50 24hr, 3001
3Q0F
—
w— -
ot '—ix- w—
4Q -
- |
[ ] ‘Jp’
-
o >
P
‘d
- 20 _
. 30 ‘Ai‘;;-- [~
Source |WADC €602, 1951 o d ~
B P
MaterialivVibrin i-1422/181-114, 2% BZP, 55% v o ~
triallyl cyanurate, t4 pl R -,
: T i 20
=24
Process |PM, 25 psi, 30 min, L76-248F A 1L ) S00F
Test WADC /?( e
-
RTqp, RTay, | " g
kai ket 0 a8 %5 150 1oz 240
®48.2 4 43,0
048.4 A 48.0 EXPOSURE TIME, HR
FIG, 3.055.1 EFFECT OF VARIOUS ADDLITIVE CONCENTRATIONS

NATES AT VARIOUS EXFOSURE AND TEST
TEMPERATURES
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v 3.055.2  Effect of triallyl cyanurate concentration on flexure ;
5 10 of 11 strength of Po2Ge (Vibrin X-1047) laminates at various ffﬂfﬁi_hw__wa? 6602, 1951 .
: exposure and test temperatures, Fig. 3.055.2. Material Vibrin X-1422/181-114, 2% BZF, 14 pl
3.055.3 Effect of triallyl eyanurate concentration on flexure Frocess M, 25 pei, 30 min, 185-248F
: strength of Po2¢c (Vibrin X-1422) laminates at [Test WADC i H
variocus exposure and test temperatures, Fig. 3.055.3. TC' e RT TC |1_C BT :
. | %) % I OFeksi %1% |PFU-kai 1
5 nsu 34 45,3 © 33 |36-39 58,1
: ®i5 | 32-33] 43 ® 43 [35-371 54,8
vi0 | 31-32| 34,2 A 50 129-32! 46
: 4 w75 | 28-29° 32,4 A 55 |31-32; 45,6
: T /ﬂ] '
40 -
5 _-—‘—"
: A_/L
1T 7T ®
; /CF 8*" e Y L
3Cn!__!E Wl :
Source WADC 6602, 1951 / ;
Material Vibrin X-1047/181-114, 2% BzP, Ve
: 14 pl 5\
! BT, = A
Process  PM, 25 psi, 30 min, 185-248F B 'l \‘
x4
Test 7T . a
TC; rc . RT TC | re | RI 2 \
%i % lopp-ksi % % opy-ksi o 1 o
I3
060 31 &1.1 050 | 55| 438 \ \
65, 33-35 4.7 ® 32 [31-33] 42,7
¥70{30-32; 31,5 A33 | 30 50,9 o \
: w75 30-31, 32.7 443 35 48,4 1 .
: 45 \ ~
& ,J.— - —_— o} .
: A 5 ; 3007 5 \
% g
: 4 ‘7§ % ~N r_
A 4 e
..: /

15 - — 5 96 145 192 250 ;
u TIME - HR
FIG. 3,055.3 EFFECT OF TRIALLYL CYANURATE CONCENTRATI O
OW FLEXURE STRENGTH OF P02Gc (VIBRIN X-1442)

LAMINATES AT VARIOUS EXPOSURE AND TEST
TEMPERATURES

30%

25

app - ksi

*3

20

N N

: .
N ~ SO0F
10 i
i S
i
48 9 Lag 192 240
TIME - 1R

FIG. 3.055.2 EFFECT OF TRIALL.L CYANURATE CONCENTRAION
ON FLEXURE STRENGTH OF PolGe (VIBRIN X-1047)
LAMINATES AT VARIOUS EXPOSURE AND TEST
TEMPERATURES
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Effect of various glass finishes en flexure strength
of Pa2Gc laminates at various exposure and test temp-
eratures, Fig. 3.055.4,

Shear Properties

Bearing Properties

Creep and Creep Rupture Properties

Fatigue Properties

Elastic Propurties

Modulus of Elasticity in Tension

Effect of exposure and test temperature on medulus
of elasticity in tension for typical Po2Ge laminate,
Fig- 3.101.1.

Modulus of Elasticity in Compression

Modalus of Elasticity in Flexure

Eq - 100D ksi

See Tables 3.053.3 and 3,053.4.

50

40

30

20
50

&0

30

20

100

Source

Material

WALC 6602, 1951
————

Vibrin X-1047/181-finish indicated, FIG.

2% BZP, 14 pl.

e 8o 507
o 43

Triallyl cyanurate

Process ™ ® 10 psi
O m T 15 psi

Test WARG

, 30 min, 176-248F

1 re RT I
finish 3 upu-ksir

® Bjorksten | 30.5 51.95
o 114 35 474
B Garan 38 48,5
O Bjorkaten 29 42,8

300F

- ___4 —
] : . -

=TT |

500

>

2

"

;‘“ﬂ--..

D
pes
V4

D

N

—

48 96 144 192 240
CXPOSURE TIME, KR

FIG. 3.0535.4 EFFECTS OF VARIOUS GLASS FLNISHES OR

THE FLEXURE STRENGTH OF PD2Ge LAMINATES
AT VARIOUS EXPOSURE AND TEST TEMPERATURES

Svurce Mil-0d bk 17, Parv 1, 1935
Material | Lamicac A232/081-136
PrpcgiF (
Test ’
———— e =0
— —— a = 435
RT \
300 e —
400 -
[ "}""ﬁ"no — e e———
| 600
N
RT
— - —t [
300 e == [”
I 7&@:1— — -
] R —
I —
600 o o — -~
L .1l 1 - 1000

EXPOSURE TIME, YR

3,201 EFFECTS OF EXPOSURE AND TEST TEMPERATURE ON

MODULUS OF ELASTICITY IN TENSION FOR TYPICAL
PO2Ge LAMINATE
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THEORETICAL

INTRODUCTION

Purpose of Manual

The purpese of this Manual Is to present various
theories as they are particularly applicable Lo
analysis of reinforced plastics as structural water-
ials. FEmphasis is placed on those theories which
are most coomenly accepted and proven by experiment.
Fach section will develop the theory through to
applicable design formulas whieh are then used in
Manual IB, Basic Design, for various structural
applications. Chatts showlog variations in many of
the design constants are also prescnted.

Inciuded in this first editien of Manual IE are dis-
cussions of the more basic analyses of laminated and
filament wound materials. In future editions these

discussions will be expanded and additicnal materisl
forms (such as sandwich) will be covered.

The information included herein has been developed
from the results of published work en research pro-
grams primarily concerned with analysis and its proof.
However, considerable influence of actual design and
analysis as practiced within the industry has been
allowed where deemed appropriate and worthwhile.

Where appropriate, alternative approaches to analysis
ard theory are presented and discussed.

It {s considered unnecessary to detall each step in
the development of theoretical expressions. The
major steps in derivations are presented, leaving
the intermediate mathematical calculations to the
reader,

Identification Code

For purposes of organization and cross reference the
information presented in this Manual is divided into
sections as indicated in the table of contents which
follows.

Each section is coded to identify the structural form
of the material and the analysis involved. The titles
indicated in the table of contents will clarify this
procedure.

Contents of Manual TE

This Manual is divided inte Sections as follows:

Section No. Subject
1.0 INTRODUYCTION
2.0 LAMINATES, Class L I
Laminates as Isotropic Materials
3.0 LAMINATES, Class L II
Orthotropic Materials inm Flat
Plates
4.0 LAMINATES, Class L III
Buckling of Laminates
5.0 LAMINATES, Class L IV
Laminates as Curved Plates
6.0 LAMINATES, Class L V
Joining of Laminates
7.0 LAMINATES, Class L VI

Openings in Laminates

20,0 FILAMENT WINDING, Class F I
Simple Pressure Rottles with and
without Integral End Closures
21.0 FILAMENT WINDING, Class F II
Bottles with End Ports
22,0 FILAMENT WINDING, Class F III
Convéntienal Structural Applica-
tions
23.0 FILAMENT WINDING, Class F IV
Contoured Shapes
24.0 FILAMENT WINDING, Class F V
Joining of Wound Structures
25.0 FILAMENT WIKDING, Class F VI
Openings in Wound Structures
30.0 FABRIC WINDING, Class Fb I
Shingle Wound Structures
EY FABRIC WINDING, Class Fb II

Tape Wound Structures

ANALYSIS

0.032

0.033

0.034

0.035

0.0%

0.041

G.041.1

0.041,2

0.041.3

0,042

40,0 'SANDWICH CONSTRUCTION, Class S I
Honeyconb Cores

41,0 SANDWICH CONSTRUCTION, Class § IT
Yoam Cores

42,0 SANDWICH CONSTRUCTION, Class S ITI
Honeycomb plus Foam Cores

43.¢ SANDWICH CONSTRUCTION, Class § IV

Paraliel Cores

Only the initial sections on Laminates and Filament
Winding are included in this first edition, However,
the Table of Contents will indicate future expanded
coverage,

Each section of this Manual is sub-divided into
major subjects as follows:

Paragraph Subject
2.0 SECTION TITLE
2,01 Physical Description
2.02 Stress Analysis Discussion
2,03 Fundamental Stress Formulas
2.04 Derivation of Design Formulas
2.03% Helpful Stress Analysls Charts

It will be noted that for each structural classifica-
tion one paragraph number will always indicate the
same subject. This will facilitate the use of this
Manual,

For complete Table of Centents for the entire Hand-
book, see Manual IA,

Abbreviations and Glosssary

A certain procedure for thecoretical analysis symbols
bhas been adopted as standard in this Manual. The
system involved {s adopted from accepted procedures
familiar within industry and research.

Standard symbols for analysis are as follows:

A = «¢ross sectional area
A = constant

E = Modulus of elasticity
F = Force

G = Modulus of rigidity

I = Moment of inertia

L = Length

m, M = (onstant

P = Axlal load

] = Failure (ultimate) stress
t = Thickness

W Energy of distertion

w

a,B,e,4 = Angles

Shear strain

deformation ar deflection
Direct strain

Poisson's Ratio

Sum of or summaticn
Direct stress

[

Shear stress
= Equivalent

it 2 a™ME m o

These symbols are modified by subscripts relating
the symbol to a set of coordinate axes or other
physical considerations. These are clarified in the
text where used.

It will be noted that the use of symbols in this
Manual differs scmewhat from the system adopted in
Manual ID. This is due to the necessity of estab-
lishing different connotations for stress analysis
and for mechanical properties.

For complete listing of all abbreviations and defi-
nitions used throughout the handbook, see Manual IA.
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THEORETICAL ANALYSIS

Information Sources
SOt lOn oources

Where particularly important, the information source
is footnoted directly within the text,

A general bibliography of pertinent reference works
dsad in compiling this Manual includes the following
more important items.

1. Burlngton, R. S., "Hundbook of Mathematical
Tables and Formelas", 3rd Edition, Handbook
Publishers, Inc., Ohio (1948},

2. Erickson, E.C.0. and Norris, C. B., 'Tensile
Properties of Glass-Fabric Laminates with Lami-
nations Criented in Any Way", Forest Products
Laboratery, Repott No. 1853, Madison, Wisconsin
(1960,

3+ Freas, A. D, and Werren, F., "Mechanical Proper-
ties of Cross-Laminated and Composite Glass-
Fabric-Base Plastic Laminates", and Supplement,
Forest Products laboratory, Report Nos. 1821,
1821-A, Madison, Wiscomsin, {1959-81),

4. Gerard, george, "Introduction to Structural
Stability Theory", McGraw-Hill Book Co., Inc.,
New York (1962).

J« Hoff, N. J., "Engineering Laminates", Chap. 1,
Edited by A. G. H. Dietz, Jechn Wiley & Sons,
Inc., New York (1949).

&. Medney, J., MuLarty, J, L., Kurz, C. B., "De-
signing with Pilament Winding", Lamrtex Industries,
Inc., Farmingdale, N. Y. (Preprint of paper
received 1961).

7. XNorris, C. B., "Strength of Orthotrepic Materials
Subjected Lo Combined Stresses”, Forest Products

Laboratory, Report No. 1816, Madison, Wisconsin
(1960),

8. Seely, F. B. and Smith, J, 0., "Advanced Mechan-
Les of Materials"”, 2nd Edition, John Wiley &
Sens, Inc., New York (1952).

9. shand, E. B., "Class Engineering Handbook™, 2nd
Editien, MeGraw-Hill Book Co., Tonc., MNew York
(1958).

10.  shibley, A. M., "Survey of Defense Applications
of Filament Winding anpd Support Programs for
Optimum Structures", (U), PLASTEC Report 10,
Parts 1 and 2, Picatinny Arsenal, New Jersey
{19613,

1l. Sonneborn, Ralph H., "Fiberglas Reinfarced
Plastics', Reinheld Publishing Corpuration, New
York (1954).

12. Timoshenke, 8., "Theory of Elasticity", McGraw
HL1l Boak Co., Inc., New York {1934),

i3, Timoshenke, 5., "Theory of Elastic Stability",
HcGraw Hill Book Ca., Inc., New York (1936).

14. Werrem, F. el al, "Directional Properties of
Glass-Fabric-Base Plastic Laminate Panels of
Sizes That Do Not Buckle", and Supplements,
Farest Products Laboratory, Report kos, 18013,
1803-4, 1803-c, Madisan, Wisconsin (1956-57).

15, Werren, F., "Effuct of Prestressing in Tensian
or Compression on the Mechanical Properties of
Two Glass~Fabric-Base Plastic Laminates”, and
Supplement, Forest Products Laboratory, Report
Kos. 1811, 1Bll-A, Madison, Wisconsin (1957-58).

16. Werrem, F. et al, "Mechanical Properties of
Plastic Laminates", and Supplements, Forest
Products Laberatory, Report Nos, 1820, 1820-a,
1820-B, 1820-c, 1820-p, Madison, Wisconsin
(1956-60) ., '

17. Werren, F, and Korris, C. B., "Mechanical Prop-
erties of a Laminate Dezigned To Be Isotropic",
Forest Products Iaboratory, Report Mo, 1841,
Madiscn, Wisconsin (1959).

18. Young, R. K., "Design of FiberGlass Pressure
Veasels", Prepared fer a short coursa en Analysis
and Design of Airborne Pressure Vessels, Univer-
sity of California, Los Angeles, California
(July 1961).

1%, Youngs, R. L., "Poisson’s Ratic for Glass-Fabric
Base Plastic Laminates', Forest Products Labor-
atory, Report No. 1860, Madison, Wisconsin
1557y,

20.  Anonymous, "Plastics for Flight Vehicles - Part
I - Reinforced Flastics", MIL~HDBK-17, Armed
Forces Supply Support Center, Washingron, D.C.
(Nov, 19593,

0.053

21,  Anonymuus, "Bureau uf Ships Deaign Manual for
Glass Reinforced Plastics in Naval Applicalions”,
(PB 171096), U. S. Department of Commurce,
Office of Technical Services (1958},

22,  Anonymous, Uncitled, Nine sheers of sample
problems and design curves for determining
desipn stresses for Fiber-Glass Reinforced
Laminates, Philadelphia Kaval Shipyard (1941).

23. cibbs and Cox, Inc., "Marine Design Manual for
Fiberglass Reinforced Plastics", MeGraw Hill
Bock Co., Imc., New York (19603,

A complute source index is given in Manual IA.
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THEORETICAL

LAMINATES, CLASS L T
Laminates as isotropic macvrials

Physical Description

laminates, Clasa L I, include those laminstes com-
posed of resin reinforced with random oriented
chopped strands or mats of fiberplass or similar
material, which are principally applicable to struc-
tural parts.

Laminates are composed of layers of reinforcing,
usually some form of fiber glass, that are impreg-
nated and bonded together with resin. The rein-
forcement for these Class L I structural laminates
takes the form of chopped strands or wats of fiber
glass in which the fibers have a random arientation.
The bonding of the fibers is accomplished by impreg-
natior with any one of several possible resins, the
most comman of which are the polyesters, the epoxies,
the phenclics, and the polystyrenes., Polystyrene
resins are thermoplastic; the others are thermoset-
ting. An almost infinite wvariety of laminates is
possible through the combination of the varicus rein-
forcements with various resins. Even further varia-
rien can be cbtained through the use of combinations
of reinforcement in a single laminate.

Stress Analysis Discussion

Structural plastic laminates may be divided into
three general types:

Those laminates whose strength and other mechanical
properties are the same in all directions and, conse-
quentiy, are said co be isotropic,

Those laminates whose properties vary depending on
the orientation of the laminate but are based on rthe
properties in twe directions ninety degrees apart,
commonly said to be orthotropic*,

Those laminates built up of combinations of either
or both of the first two.

The stress apnalysis of reinforced laminates is
carried out by applying ovne of two basic approaches
te design., The particular approach depends on the
mechanical characteristics of the laminate as deter-
mined by the type of reinforcement used in its fabri-
cation,

Since Class 1L Y laminates are reinforced with a mat
or chopped strand type of relnforcement, che rein-
forcing fibers are randomly oriented and they are a
material that 1s essentially isotropic, In other
worws, the elastic properties are nearly equal in

all directions in the plane of the plate. Conséquently
in this case, the appreach to design and stress
analysis is analagous to the engineering approach
used with conventional materials. The application

of rhese standard metheds to mat reinferced plastics
differs from their application teo conventional ma-
terials only in the values used for the eladtic
constants. Therefore, it is only necessary te

know the strength, modulus of elasticity, shearing
modulus, and Poisson's ratio for the combined mat

and resin, These values are obtained from che stan-
derd tests for these properties which are made on the
laminate for which the stress amalysils is to be
undertaken,

Theoretical and experimental studies conducted by
the Forest Products Laboratory (F.P.L. Report No,
1841) indicate that an isotropic laminate may be
created by appropriately combining layers of ortha-
tropic material in a specific orientational relatien
to each other. The layers must be oriented so that
their principal axes are at successive angles deter-
mined by the expression:

b= ofan. ... .. .- - .. Eg. 2.024

where: ¢t = angle between principal axes of two
adjacent layers of orthotropic mater-
ial

n = any integer pumber greater than 2

ANALYSIS

The resulting laminate will be isotropic in that its
elastic properties are independent of the direction
of loading defined by the angle O .

% During investigations for this work, the term
"aeclotropic'' was sometimes used synonimously with
“ofthotropic™, Due to definition vennotatien and
accepted usage, orthotropic will be used in this
Handbook for the laminate type described, See
Glossary of Terms in Manual IA for more complete
information an these two terms,

lof 1l



3.012

3.02

3.021

3,021,

3,021,

3,021,

THEORETICAL ANALYSIS

LAMINATES, CLASS L IT

Laminates as orthotropic materials in flat plates,

Physical Description

Laminates, Class L II, include thoge laminates com-
posed of resin reinforced with woven cloth of fiber-
glass or similar matevrisl, which are principally
applicable to structural parts,

Laminates are composed of layers of reinforcing,
usually some form of fiber glass, that are impregnated
and bonded together with resin, The reinforcement

for these Class T II structural laminates takes the
form of a woven cloth in which the fibers occur as
warp and fill and provide reinforcement in two direc-
tions at right angles to each other, or as roving or
continuous filaments which provide reinforcement in
anly one principal direction. The bonding of the
fibers i8 accomplished by impregnation with any one

of several possible resins, the most common of which
are the polyesters, the epoxies, the phenalica, and
the polystyrenes., Polystyrene resing are thermoplastic;
the others are thermesetting, An almost infinite
variety of laminates is pessible through the combina-
tion of the various reinforcements with variovs resins.
Even further variation can be chtained through the use
of combinations of reinforcement in a single laminate,

Stress Analysis Discusgion

Structural plastic laminatea may be divided into
three general types:

1 Those laminates whose strength and other mechanical
properties are the same in 21l directiens and, conse-
quently, are said to be isotropic,

2 Those laminates whose propettles vary depending on the
orientation of the laminate but are based an the prop-
erties in two directions ninety degrees apart, commonly
said to be orthotropic (1),

3 Those laminates built up of combinations of either or
both of the first two,

3,022 The stress analysis of reinforced laminates is carried

3,023

out by apptying one of two hamic approaches to design.
The particular approach depends on the mechanical
chatacteristics of the laminate as determined by the
type of reinforcement ueed in its fabrication.

Since Class L II laminates are fabricated using cloth
or roving as the reinforcement, the mechanical prop=-
erties of the resulting combination depend an the
direction in which they are measured, These laminates,
therefore, are not isotropic; they are orthotropic,
Variation of strength and other properties of the
material, dependent on the orientation of load to
direction of fiber in the reinforcement, results in a
significant modification of the conventional design
equations, and calle for an approach to design differ-
ent from the spproach used with mat reinforced lami=-
nates, Whether the reinforcement consists of cloth
woven of yarn fabrics oriented at right angles to

each other, rovings with strands parallel to each
other, or multi-layers of fabrics or rovinge placed
parallel or perpendicular to each other, the resultant
laminate has two principal direcrions parallel and
perpendicular to the direction of the main reinforce-
ment, and all of these combinations result in an
orthotropic material,

Fundamental Stress Formulas

3.031 The first step in the development of the general stress

and strain equations for an orthotropic material is

te develop the general equations of stress and strain
for the case of plane stress, From consideration of
combined stress in strength of materials, the equations
of atress tranaformation are readily obtained,

{B

During investigation fot rthis wark the term "aeolotropic
was sometimes used synonimously with “orthotrapic', Due
to definitfon ‘connotation and accepted usage, orthotropic
will be uged in this Handbook for the laminate type des-
cribed. See Glossary of Terms in Manual IA for more
complete information on these two terms,

3.03L.1

3,031.2

3.03L,3

If a unit cube of material {unit thicknesg) is in
equilibrium when subjected to a condition of plane
stress composed of the direct tensile stresses, o_,

g, , and shearing stresses, t_ , as shown in Fig,

3,031 1a, the transformation®sf stress fram coordinate
axes a, b to corrdinate axes 1, 2 {making an angle &
with a, b} is accomplished by considering the equil-
ibrium of 2 wedge, at angle &, taken from the eriginal
element. Fig. 3,031, 1b shows the relationship between
the axes; Fig. 3.031,lc shows the equilibrium condi-
tion of the wedge. The positive directions of the
stresses are asgumed as shown in Fig, 3.031,1.

b

t 1

—et —i— I.— - @D

wt %/ ’

?_..
“'* -~ —= "a a

Fhbidd ©

K fjf__f___ /
= A ]
. 3'/,,;‘\\

"2 \ \ Oy

(c})

FIG. 3.031,1 ILLUSTRATIONS FOR DERIVATION OF
BASIC STRESS TRANSFORMATION EXPRESSIONS

In Fig. 3,031, 1c, application of the equations of
eguilibrium £F1 = D and ZF2 = O results in the trans-
formation equations Eq. 3.031,2,

a, = Ua cnsze + o sinze + Ta ginZo , . . . .

L b b

» s+ sox « . FEg 3,031 24

g, =0 ain;e + o cosze = Tay sinZ2g . . . . . .

2 a 1]
e v s+« » Eq 3.03L2b
s 2
- uﬂ) sin"p + 1, cas2é . . . ...

+ s o« .+ Eg 3032

To tranefer straing hetween the same two axes, the

values of 6., o, and 1,, from Eq 3.031.2 are substi-
177z 12

tuted in:

- ? . and v w12
S 3 Y12 * ¢

- ;€. =

Koy !
E 2 -TE

o
HIM

Collection of terms and substitution of

B
E - . = . &
fa T oa./ pz\b"E’ Yaﬁ Tablc’ and & = 2(L+ W

Resulte irn Eq 3,031, 3.

2 . 2 .
El = €a cos ¢ + Eb sin’g + Yab sin 9 cod & , ., .
« + .+ . +BEg 3,001, 35

csz c2<
boe_yabe\j......
- - .. Egq303L 3%

€, = € sinze + e
-

a (g - £ ) sin2s + Yan cas?e . . Egq 3,031 3c
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3.04

3.041

3.0541.1

THEORETICAL ANALYSIS

Derivation of Design Formulag

Ihe equations, Eq 3,031,2 and 3,031, 3, may now be used
te develop the relations necessary to understand and
to design laminates as orthotropic materials. This
section considers laminates consisting of one type of
reinforcing only "parallel' laminated, i,e., the warp
aor principal axis of the reinforcing is laid parallel
in each layer,

Tor this type of material, a different system of coor-
dinate axes is taken to avoid confuslon with the
system uged to develop the equaticns for the transfor-
mation of stress and strain, Fig, 3.041.1 shows these
axed and in 1t @, P are the axes taken along the
"natural" axes of the laminate, parallel acd perpen-
dicular to the warp of the fabric, for which the
mechanical properties of the laminate are known. Any
other mutally perpendicular axes for which the mechan-
ical properties are required are designated as x, v.

Axes x, y make an angle ¢ with axes o, P respectively,

]

FIG, 3, 04l.1 AXES OF LAMINATE, ¢ AND B, AND OF APPLIED STRESS, x AND y

3.041.2 The first atep in the development of the necessary

equations 1s to relate the physical constants, u and
E, for the natural axes, Use is made of Maxwell's
Law of reciprocal deformations which states that the
deformation in the B-direction caused by a unit load
in the g-direction is equal to the deformation in the
a-direction caused by a unit load in the B-direction,
In Fig., 3.04L. 2a:

E'BD! = Deformation in A-direction caused by unit
lead in g-direction, and

"Laﬁ = Poissor's Ratio for strain in B-direction
caused by stress in the g-direction,

From Fig., 3.041,2a,
]

[
BT T oy
B de QBO:

and similarly from Fig, 3.041.2b,

S N
@ Lcd BaEB

From Maxwell's Law, 5

ke =
«p P
J [
LBy w2
o £

'“'Ba EB d “as de

which results in Eq 3, 041,2,

HBO:E(I=HG'BEB" e 2 s o+ oa s« « .« Eg 3,041,2

| U S S 1
I !
-— o (g (T (1) = 1
| !
“LL-___..,...___E FSRNl [REN]
T €
i el ) :1!:-——‘_ I-:

TE1 4 ogrrns
& 3] -6G!I3

OO N Y5

d

WL (D) =1

-
|
|
I
|
L

(o

B

PFIG, 3,041,2 DEFORMATIONS ALONG NATURAL AXES

3,041, 3

3.041,4

3.041.5

To find the relationships between the physical con-
stants in the &, B directions and these in the x, ¥
directions, apply a stress, c_, in the x-direction
only. The expression for thExNDdulus of Elasticity
for the x-axis, E_, may be found by using the trans-
formaticon equatiohs and ather relationships previousiy
developed in section 3.03, Using the stress transfor-
mation equations first, and realizing that the a-axis
= x-axis, l-axis = g-axis, and ¢ = 0, the resulc is

2 2 .
= =g _sln"0, v = ¢ sindcosd
()G o, cos e, 0[3 % s Top -
The strain in the x-direction, € , may be obtained
from the strain transformation equations, but it must
be poted thart in chig case the a-axis = a-axis, l-axis
= X-axis and 0 & =61

_ 2 . L2 .
sxvsacos¢+tﬁ s1n®—yaB sintcose
In terms of stress,
u T o4 o
e o ﬂuﬂ - s3] -
a a
€p=EE'“aaE
B o
T
v =B
fo:] GaB

Substitution of these values of the strains in the
equation for . glves:

4 (0 2y B
€, =0 -—-——CES $ 80, ( L ] sinzuggze
x E G E
o B op

which may be written as Eq 3,041, 3a,

€ 4 4 2.
x 1 _coe¢+sin¢+(l _ ag) Stnzme%,
[ E E E G E
x x b o ] ap 24

« v+ v« . Bqg 3,041, 3a

Performing similar gubstitutions and simplifications
on the equation for ey results in Eq 3,041, 3b,

4 4 2k
I3
L _coe®  sipe + (l _ ctﬂ) sin2¢c082¢ .
E E E G E
¥ B &3 af o

« + + . Eq 3.041,3b

The value of Poisson's Ratio (u_ )} for strain in the
y~direction when o, is applied T# the x-direction ia:

"
li:\:yﬂ-e I (Ex)
X
The strain in the y-direction, ¢ , is obtained from
the strain transformation equa.tans as before,
2 2
€ = €_8in"¢ + ¢, cos + i
5y a 8 L] Yaﬁ sindcost
Substitution for the strains in terms of stress, and
replacing € in the expression for y_ , results in
Eq 3.041.4: 7 ®¥

==

x [ 1 fg Ea 2
u, = uo, - L+ 2n .+ - === 3in"2¢
E
Xy o of 4 uf Eg N
+ + . Eqg 2.041,4

The ahear strain om the x, y planes, vy » caused by
o may also be expressed in terms of chig physical
constants of the laminate for the cx, B planes. Again
noting that 9 = -9, the shear strain on the x, y plane
may be expregsed from Eq 3,03L,3c as:

= - 2(s
Tay B
Into this expression values of ¢ , and uged in

;s € Y,
previopus developments are substiFutel and af%gr simpli-
fication the result is Fq 3,041, 5a:

; 2 2
- sind + - si
Etl) intcosd YGB (cos™® sin"¢)

- E
_ R . 1 o4
Yy = 7 8in2e [ (u o, + - o
Xy ' ap EB 2G(1B

E
- coss (1- &+ 2‘*0:3)] ... . Eq2.04l5a
B

The expression for y

may be expressed in simpler
form as:

xy

o,
=
ny -meQ s s s s s oo -« Eg 3,041,5b
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Where the known vonstants of the matorial appear in 3,021.9 Because of the difficulty of determining G_, experi- Iofe
W mentally, it has been found to be more sat"fgtactory
X to determine $__ by computatior, Experimental values
E E for E , E, Mg and E, . are determined, Then uaing
m o= gin2s {(p . + = 1. | 1.841. 82 W1Eh EXY = EEoS and ¢ = 452
* : ap °p 2(;QB 2
2 g0 i ’ 45 o B op o
- cos' 4 (1+2.Laﬁ+E—-E— . -Eq 3,041, 5¢
|3 [21:3 or simplified:
13,0416 Eq, 3,041, 5k may be used to compute the shearing strain E -
on the x, ¥ axes when a direct stress is applied along EG _ 4 o a
the x-axis, and the physical constants for the natural . - F 2“‘13 = l. .. ... E 3049
axes ave known. Note that a shearing strain exists o 43 8

for orthotropic materials in this case, but that it If both o and i, are determined experimentally,
would have been zero 1f the material had been isotrapic. the relatqgns'nip El%ven in Eq 3,041.2 may be used re-
sulting im
2,041,7 With Eq 3,041,323 and 3,041.4 and the physical constants

for the natural axes of the orthotropic material, the E. 4E E,

- 3 oo _a g . :
physical comstants for any other set of axes in the ST F (1 - hm) - (1 - uaﬂ)..Eq 3. 041,9b
plane of the laminate may be determined, Agreement [o3:] 45 B

between mathematical analysis and experimentally
determined values for these constants is within
reasonable limits for the initial, unloading, amd re-

Furthermore, when the element is subjected to the con-
dition of pure shear (o, = +1 and o = «1, at ¢ = 45,
= 1), Eq 3,061.8a rBsults in:

1
loading phases ol the loading cycle with the best 45
agreement occuring in the initial phase of loading. . 1 Ly 1 i 1 1 2
Agreement is relatively poor for the secondary phase V5 (-E?- + 'E—ﬁ + a + :E.Q.E ) = =t i + —EQE
(2). a [+ 3
T F
3.041.8 1In prder to derive an expression that may be used to o = A3 o B Eq 3,041 9%
relate the Medulus of Rigidity about any axes, x, v, 43 Vg5 izu+Eﬂ+2Eﬂuaﬂ ot Lo
to that about the natural axes, @, P, a sheaving
stress, T , 1s applied to an element of the oriho-
tropic matérial in the x, =-v plane, Then: 3.041,10 When an isotropic material is considered, E_ = E_ = E,
Hop = and Eq 3,041,9¢ simplifies to: @ B
- Tay
v E
xy € [ R S—
ay 201+ p)
and from the stralp transformation Eq 3,03l 3, again
With & = -4: which is the familiar relationship between Modulus of
Elasticity and Modulus of Rigidity for isotropic
= oz - i + ry materials,
Yyy ( 8 sa) sinZe Y, co8 2

Transformation of this equation te the form in which

¥ ., 1s expressed in terms ¢f E , E and G _ is accom-
p‘f}:shed by use of the stress t?ansgumati%g Eq 3.031.2.
The subgtitution for =, is as follows:

3.041,11 Additional relationships between strain and the shear-
ing stress, T, MY be deduced, Maxwell's Law is
again applied ind the shearing strain, y_ , caused

B by the direct stress, o_, must be equal ¥ the direct
3 ) sin2é Ty 8in2a strain, ¢ , caused by the shearing stress, t_, The
¢ = B o 2o Bas u result of the application of Maxwell's Law isy
2] EB ap E[‘.’ Xy E:B af EO!
T
€ and y  are treated in & similar fashion with the £ = -m —-’éz @+ 4+ = e s v w4 . Eq304l.1la
r¥sule HRe ¥ L
¥ W " where m_ is identical in value to thet of Eq 3,041, 5b,
£ Gl - (E_l' " EQ‘Q " é_+ Eag y (1 - coszzw) Similar{].y,
T T
= xR © woa eo=-m =X L .. ...... Eg3.04L11b

7 ¥ vy E

[o]
cas” 2% 4
+ Gg:ﬂ “ v e+ v a s a s . Eq 3,041, 88 m_ may be derived from
G & & E E € = sin2¢ + e cnsznb + vy . sindcose
E@aﬁlﬁ Eﬂ+2MB+1-(1+2Mﬁ+E_a-G—a) - ¥ o B of
[e} [e:] N
*¥ @ 8 B aB by substitoting, again, the values for e%, eg_. Yﬂﬁ in
cnszm e e e e ... Eq3.04L8b terms of atress and Ty After simplification:
Tx Ea Ea 2
-‘.y=--'f‘z (8in2¢) (;.LQB'fE—-:,—G‘—) - gin¢
An alterpate form of this equation may be used: o E £ 8 af
[¢] o
¢ e 26 c (1+2%a5+§"e—)]
=i (—Eﬁtﬂ + _E—C‘E..‘EE + E—aﬁ') sin22¢ + c0522¢ B afl
Xy B a a and
t e e e o+ ow .« Eq 3.041,8c £ E
a = sindd [uaﬁ w2 5%-—— - sine (1 + 2ipn
4 B (7]
E E(I
tEE e L LB B0L e
B op

(2) Based on tests of tensile properties reported in Forest
Products Laboratory Report No. 1833
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3,042 When layers of two different reinforcements or rein-
forcement orientation are laminated to form a com-
pogite, a better product 1s produced if the final
laminate is fabricated of several interleaved plies
of each, in the fashion of plywood, instead of bond-
ing together only the two layers. That is to say, 1t
is better to make a composite laminate of materials
4 and B by sandwiching two layers of B between three
layers of A, for example, than to take ane layer of 4
and bond it to one laver of B, The interleaving of
the plies produces a better laminare because the

effects of warping caused by temperature, moisture,
stress, etc, are minimized in this type of comstruc-
tion, With this plied configuration of the laminate,
however, a sttess applied to it along ome axis will
result in ghear stresses and direct stresses along
the axis at right angies because the physical can-
astants for the different plies are different and be-
cauge the bonding of the layers restrains each layer
to the same deformation as every other layer,

3,042,1 To enalyze a composite laminate far the atresses
caused by the application of a direct stress, o,
appiied parallel to the x-axis with o_ taken as™the
average atress applied to the total thickness of the

laminate, the procedure is as follews. In Fig. 3.042,1,

the following notation Ls uged:
tn = thickness of Laminate n

S = direct atress in Laminate n parallel to
X=axlsg

= direct stress in Laminate p parallel ta

a
¥e y-axis

en = direct strain in Laminate n parallel to
" x-axis
Ecm = Modulus of Elasticity of Laminate n in the
direction of the natural axis

The other notations used follow directly frem this

system,
¥,
A
tp /2
- T
-— H Layer of material p
e
g - Layer of material n
x
-—l
l
——
A

FIG. 3.042.1 ROTATIONS FOR A COMPOSITE LAMINATE

3.042,2 The direct stralns, € _, € and the shear strain,
Y, occurring in la¥er nY¥H11 result from the direct
a:t:¥gases, G .t Uo.s 8nd from the shear stress, T
through thexgalaggunshipa derived in the previoud™
sections and for shear, in particular, from Eq 3,041, 11a

?

and c:
an ng Txgn
£ = - -m -« » Eq 3,042,225
E
X v xyn Eyn xn E n
[+ Con T
e = - +28 . AR g3 042,20
3 . . .
yo Xyn Eyn yn Eﬂn

xn
% czn szn
¥ - E—-mynE +G .« Eq 3,042,2¢

an

Similarly, the strains in layer p are:

[ J T
sxp = Eﬁz - “xyp EIE - EKXR .« .Eq 3,042,24
xp ¥p P Fop
. Cwp Zavp
e}_p = -uxyp T + - myp B+ ¢ ~Eq 3,042, 2e
x  yp op
Zxp v, Devn
= - - + -« .Egq 3,042,
nyp ep E o E q 3.0%2,2f

3.042,3 The strain in each direction for each laminate must
be equal to the strain in each direction for the com-
posite because of the construction, or

€ = g a

xn xp €t v v e v e s w a4y .. Eq 3.042,3a

€ = g = 2

o vp Syttt v e s e e .., Eq 3,042.3b

Vign " Yayp T Yag c v v v e e e .. Eg L0623

Also, the summation of stress in each laminate in each
direction must equal the summation of the supplied
stress in that direction for the compasits, Thia
condition results in the following equations:

+
C'xntn cxptp = sxt “ e s s 4 s . . Eg 3,042,3d

g t +0 t =g

yata * Oty ce e e ... Eg 30623

Txyntn+ Txyptp =0.........Eq3042,3¢f

3.042.4 Utilizing the relations between Modulus of Elasticity
and Poisaon's Ratic (Eq 3.041,2), Eqs 3.042,2a and

d become:

% Zyn Zayn

€ Wmg = -l - m

X E

n x %0 Xyu Exn xn Eqn

a [ T

Cp T ™ f& “H fu - . ‘“Em

X

I

Eliminating e
tuting For att
Eq 3.042, 3d thr
the equatcion:

from these two equations, then substi-
stressea involving layer p by using
ough f and cellecting terms, yields

a.
FED ) S oy G i v o (- S

n E
¥ ap B ™ et
M m m
SEE) T, (- MR xR
E ¢ Xyn E t E -t
Xp p an ap p

=g A+ ° ‘
e f1 T T A T T AL
s s v v e =4 . EBq 3,042 4a
where A, , A _, and A_. are equal respectively to th
cueffic‘}éntslgf a !5 y and T Y ‘

X
By performing the’Same mantpula¥iBns an the expressions
for eyn and eyp the resulting equation s

5 K K
- _HYP E ' X
(Ux) (E )(tt)ﬂaxn( B _E-Iﬁ—)
np Xn n XpPp
e RS SO N
yen Cypp B0 Eonfe oty

mo A s . .
R R R T
e v ... Bg 3,042.43

Note that the coefficient & = A,
Finally, for the ahearing sﬂ‘ains}zy and y_
xyn Kyp

m m m
R ' - M .
[“x)(E)(:t)'”xn(Et'iz_P_E_)
ap np T Capop
Sy My 1 1
+a_ (- - Y+ ¢ IS S
E )
yo antn E[zptp xyn G G

or, as before,

#n 31 ya 32 xyn P33 0

=« s« -+ JEg 3.042,4¢

And again note that A = A4 ; =
& B T Ayt Ay T A

ot Ty

it i

S e

o i

i
H
4
B

L
&

ATy A U gy

Aoy

ey e
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3.042,5

3.042.6

3.042.7

THEORETICAL ANALYSIS

If the laminate of Fig. 3.042,1 is subjected to an
external shear streas, T uniformly distributed along
its edges, Bgqs 3,042.2 afid 3,042, 3 remain the same

and the equations of stress equilibrium in each lamina
become:

0 + 0 =0, ..+ 4 .., - Eq 30423
xn n Xp p
[5} + o €t =0, .44 4.4 . Eg3042,5b
T ypp

t. ..+ 4. oEq 3,042 53¢
1xyntn + Txyptp = Txy q

The coefficients Al ) Alz’ A etc, in Eq 3,042.4
remain the same, bué thiatnk? side of each of the
three equations is changed, The substitutions and
manipulations that must be perfermed to arrive at the
final set of equations are exactly similar to these
performed to obtain Bq 3,042.4 in their final form,
The resuits are:

m
X t
Ao +A,a  +A T =1 (E—g) [Sopr) PR
11 xm 127yn 13 xyn wy ap tn »

v s o« - .Eq 3,042,628

m
t
Ao+ A0+ A LT =--r(-m}(—'t—)..
217 xn 22 yn 23 xyn xy qap tn »
v s s s .« Eg 3.042,6b
A + o1 L

t
o, tA o FALT = ) (=) . .
317 xn 2y 33 '%yn xy nyp tntp

« 1 os o+ o+ #Bg 3,042, 6c

= A .

Ag before, A, = A 23 3

12 = Ayqs Ay T Ay and A
The reeults obtained for o acting alone and 7 act-
ing alone may be used to obtain the equations $ir the
genaral state of stress, i.e¢. when o, o, and Txy
are applied simultanecusly, The restlts’of this
superposition are;

+ A, .0

Alluxn 127yn + A131xyn "ttt E E 'y

m
Eﬂz)...........sqa.oaz.:ra

wp
M
t K!E a
+ - c_ +
A21%mn ¥ A2%n T 42370 = 0 g- o £
P xp
yp
m
a0 IR I %
E Xy
op
t mx m
Ao+ A o+ AT L] (- E—E C, - EEE o,
31 xn 32°yn 33 'xyn tntp . ® ap

T
+E’—‘1).............Eqa.mz.vc
KYP

3,042,8 These equatione when solved simultanecusly will give

the stress condition for layer n. To find the stress
situation for tayer p, these values may be substituted
in the equilibrium equations for the genmeral state of
stress, Eq 3,042,8,

.t +t ot mat.. ... BEg3042,8a
X0 n Xp p x

¢ £t +a t =gt, . .44 .. Eqg3042,8
yan o ypp ¥

Eq 3,042.8¢

Txyntn + Txyptp = 'rxyt e e e e
The above series of equatiens may have to he applied
to elements taken from the laminate at severgl differ-
ing orientabions. The state of stress, o, o and
T, for the element at each orlentation must'be com-
piuted using Mohr'a Circle or the etress equations,

Eq 3.031,2 before application of Eq 3,042.7.

3.042,9

3.043

3,043, 1

3,043.2

In certain stress sivuations, Eq 3,042,7 may be simpli-
Tied considerably if the properties of the laminate
exhibit some symmetry. For instance, if a balanced
erthotropic material, with the physical constauts the
Bame about the o - B axes, is laminated with the g -

B axes in each layer parallel to the same axes in the
other layer, many of the constants equal zero and
others equal each other, For instance

E = E =K =R
xn xp yn yP

“xyn T Fypm T Fapp T Hyxp

In such a case Eq 3,042.7 reducea ta

g, U
Allaxn + Alzayn - EEE_ (E—E - EEEE oy) “r e e
np  xp xp
e s s e o Bg 3.042,9a
L “x o
A12an+Allcyn=ET(_E-nUx+El)'"'
np xp ¥p
.+ .+« . Eq 3.042,9b
At (Y Hq 3.042.9
33Ty tntp P s e v v e . s . Eq 3,042,9¢

Similer simplifications in the eguations occur for
other arrangements of the lamina, or far other condi=-
tions of mymmetry,

Failure of orthotropic laminated materials under com-~
bined atress and the theories developed to predict
failure have received extensive study st the Forest
Products Laberatory. Although these are based on the
enargy of distortion theery developed for isotropic
materials, agreement between failure strengths deter-
mined by test and by analysis is good.

For symmetrically laminated materials, the theory may
be applied directly when the atress conditions referred
to the natural axes of the laminate are known, Care
ahould be tsken to determine interlaminar shesr for
this case, however, by use of Eq 3,042,7 or their
modifications, since failure may occur from this type
of stress which would not be considered otherwlse in
the failure theory. For unsymmetrically laminated
cased, since the state of stress of the individual
lamina may be markedly different from the state of
stress of the laminate as a whole, the preferred pro-
cedure i3 to use Eq 3,042,7 and check each lamina for
failure under its own stress condition as determined
by these equations,

The energy of distortion theary statea that failure
in an isotroplc material will occur when the energy
of distortion involved in the state of etress under
conslderation reaches a maximum value that is indepen=
dent of the state of stress, Expressed in symbolic
form, an isctropic material subjected to a three di-

mendlonal state of stress will have for its energy

of distortion:
L [ 2 2 2
W T |09 %} +(% g,V (o, - a)

1 2 2 2]
+ ITd (‘rxy + Tyz + Tz )

In the above, ¢ and T represent direct and shearing
strepses referred te the various axes, For failure

to occur this value of W must not exceed a maximum
value; this maximum valué is commonly taken as that
resulting from a simple tensile test to failure since
the maximum is assumed to be independent of the stress
condition, Therefore, if the failure atress in the
tenalon test 18 5, W= 8 2/6G for this case, and the
energy of distortien Eheor§ of failure becomes:

IE

LI

50f8
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2_1 2 2 - 532
Sx =3 [kcx - Uy) + (uy - 02) + (cz JX)

2 2 2'|
+ 3(Txy + 1 + L )

3.043,3 TFor orthotropic matevials, the equations have to be

3.043.4

3.043,5

modified because of the different directional propor-
tions these materials exhibit, The assumed wodificae
tion of structure propesed by Farest Froducts Lahora=
tory considers the orthotropic material ta be approx-
imated by an isotropic material containing equal pris-
matic voids. Or, rephrased, the approximation assumes
equal prismatic voids enclosed by walls of isotropic
material, Through this fiction, the theorv of failure
may be appliad to the isotropic part while the mater-
ial as a whole is orthotropic. The stale of stress

in the walls of isotrepic material is annalyzed in
each of three directions to determine the energy of
distartion sinve each of these walls is subjected to

4 two-dimensional streas system, (The wall surfaces
are free of stress.) HNeglecting the elfact of bend=
ing in the walls, the internal distortion energy for
each set of walle around a void wauld be:

1 2 2 1 2
= - - : + o v
s TEE Sy T st % o Y
. 1 2 20,1, 2
ds =% (SB - SFSY + BY Yy + 26 vuy
1 Z 2 1 2
= o -8 u + =
ws 8G (sv ﬁaﬁy *oEy ) 2G Vav

The velds are assumed oriented to the natural axes of
the material and these axes are taken as o, §, and v,
Assuming that the stresses s and v, in the walls are
directly proportional to the stresses, g and 1, applied
to the orthotrepic mzterial, the proportionalicy may

be established by applying the maximum value af each

of these stresses for the material and in each cage
compurting the energy of distortion invelved, If these
failure stresses are called 8 and T, then the result-
ing equations defining failure of an ort

hotropic ma=
terial are

2 2 2

[y J.a J T

az _ §g§E +,hEE + _Aﬁi =1..,..., Eq 3043 3a
S o B SB TC:B
a? o a v 2
_p_z_g.ﬂ_s_x,,_yEJr_.ﬁiy?:l__ « .+ Bg 2,043.3b
s [ T,

) By 57 Iy

2 2 2
[+4 G a o T
Tl e g - A Eq 3,043, 3c

3 88 2 2
s ay 8 T

v o ay

When a plane state of stress exists

» and the @-p plane
ls chosen, g =1, = ¢
v o

= 0 and the equations reduce
Fos By Y

02 o UZ 'I'2
-‘lz--éa—sﬁ+—%+-—°’-%a1.....xq3.oa3.4a
5, (") Sg T

.2
el S
s

B

2
[y
e R T YR
SC!

Equations 3. 043, 4 give uxcellent agreement with the

results of tests performed on glass reinforced plastics
at Forest Products Laboratory,

previous work done at Forest Produccs Laberatory,
interaction formula for determining failure similar
to Eq 3,043, 4 had been proposed, This equation was

of the form:

3,047,

3,044

3.044.1

3.044,2

3.044.3

3,044, 4

3. 044.5

3,045

for the laminate have not b
or if the character and mag;
are not exactly defined
of problems (columns, beams
fit into an analysis of

ANALYSIS

2
C
oy By 1‘12-=1.........Eq3.053.5

In this equation the secand term of Eq 3,043.4 does
not appear,

£ Egqs 3,043.4 define an ellipsoid of failure while Eg
3.043,5 defines a sphere, The limited tests available
show better agreement with rhe values obtained from
Fqs 3,043.4 than with those obtained from Eq 3,041, 5.
liowever, a much wore extensive Program of testing is
necessary before conclusive evidence is available for
the adoption of either of these equations or perhaps
cven some other. 1In both sets of equations, the
character of the stress, u, whether tensile or come
pressive, detctmines the character of the failure

stress, 8, If g is tensile then § should be taken as
the tensile ultimate, etc,

Both sets of equations chat define the failure condi-
ticas for a laminate given in the preceding article
may be transfarmed into equaticns that may be used to
predict the faiiuvre strength of the laminate when

stress is applied to the laminare along axes differing
from the natural ames.,

If an ultimate tensile stross, S , is applied to the
laminate element along the x-axif making an angle ¢
with the n-axis, then Eq 3,031.2 may be applied for
this condicion of plane stress, resulting in:

2
”3 = chos ¢;

c, = & sin2¢; T = -3 sinpcost
B x X

ap

Substitution of these values into Eq 3 043.4a yields:

. 4
5 zcos4¢ 5 zsin2¢cosz¢ 5 231n4¢
_x_ o= 4 %
2 5 8 2
S(l o B SB
szsin2¢c052¢
+ T =1, and
«f
4 . &
1 == gos ¢ . gin ¢ ¥ 1.1 3 sin2¢ccsz¢ ..
5 3 2 5 2 Taﬂ SGB
x [#] B

v s v e s . Eg 3,044,

Similar substitution in Eq 3.043.5 results in:

i c054¢ sinag sin2¢c052¢
—x = 3 + 2 T, . . Eq 3.044.2
5 5 ] T

X 93 p op

When the failure stress along axes x-y is shearing

stress, Txy’ then substitution into Eq 3,043, 4 results
im
1 1 i 1 2 cos22¢
=(—-+—-—+——)sin2¢+———...
r 2 g 4 g2 8 Sl3 T
xy a B “ o

v« e« . JEg 3,044,3

Similar substitution in Eg 3, 043,5 givea:

i

2
1 2 £08 2¢
+ =) sin®2e 4+ 5

» o WEg o3,044,4
3

B Tap

These equations provide g means of estimating a par-
ticular strength (tensile, compressive or shear) for
a laminate referred to a set of axes different from

the natural axes as long as the corresponding values
of strength are known for the natural gxes

For many applicarions the stress analysis given in
section 3.042 is unnecessaril
suming. This situation arise
is not a factor in design,

y elaborale and time con-
& if interlaminar shear
if the physical constants
een determined precisely,
nitude of the impesed loads
Furthermore, certain classes
) do not, in every case,
this type,

o
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3,045, 1 Another procsdure 1s available under these circumstances,
It is based alse on the condition of equal deformation
in the divection of stress in all the lamina. In
Fig, 3,045.1 a lawinate mwade of layers of materials
a and b is subjected to an axial tengile lgad, P,

The change in length of material "a" must equal the
change in length of material "b", or

aby =y

PL PL 5

T
a2 ..k & __b
AE TIE o =7 - <+ v o« WBEg 3.045,%
a a b b a b
Coupled with the conditien of eguilibrium, i,e, P =P
+P =gl 4+ , the stresses in the two materials®

andbthe didtrivielon of the load, P, between a and b
may be computed.

Layers of material a

Layers of material b

FIG. 13.045.1 MULTIPLE LAYER LAMINATE SUBJECTED
TO AXTAL TENSILE LOAD, P

3.045,2 Another way of approaching the problem would be to
determine the relationship between areas of the two
materials in order that they he capable of sustaining
the same lead. In Eq 3,0%5.1 when Pa = Pb’ then:

E

b
E =4AF = TT . s .o os s Bg 3,045,
Asa AhborAa AbEa q 3.045,2

3,045.3 A further extension of this principle may be obtained
from a consideration of beam cross-gections. For
laminates of differing Moduli to carry equal bending
moments, it is necessary that the moments of inertia
of the two cross-sections bear a relatiomship to each
other similar to the area relationship for the axially
loaded mewber, 1i,e,

EaI =EI L e e e e e v s w s 2EQ 30453

3.045.4 The two Eqs 3,045.2 and 3.045.3 may be used to trans-
form sections made up of lamina of different modull
into an equivalent section which may be considered to
have a single modulus, With EBq 3,045.2 the area of
material "&" that 1s eguivalent rtothe area of material

E
"B, AL, s A {E—"}. Using Eq 3,045,3, the equivalent
a

moment of inertia in terms of material "a" for a sec-

tion of material "b" with I, is I (E /E ),
b B b a

3.045.5 When an orthotropic material made up of lamina with
different madul! is transformed by the use of Eq
3.045,2 and Eq 3,045.3, the resultant section may be
considered isotropic, and for many design purposes
the equations for isotropic materials may be used to
give adequate design and analysis res:its. These
transformations are particularly useful in determining
cross-gectional properties for column and beam design,

LI

Helpful Stress Analvsis Charts Tofsd

The theoretical equations defining the variation of
mechanical properties of two typical orthotropic
materials with orientaticn are shown graphically in
Figs, 3.05la and 3,051k, When the designer deals
with particular materials over a period of time, it
is extremely helpful to prepare similar charts for
these materials, 1In most design problems, the use of
values based on these charts of the theoretical equa-
tions will give results well within the accuracy of
the other data used in the design problem. Future
editions of this manual may centain additioaal design
charts as appropriate
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LAMINATES, CLASS L III

Buckling of Laminates

Physical Description

The phyaical description of these laminates isg the
game ag that for Laminates, Class L II {Section 3.01),
and 18 repeated here for convenlence,

Laminates, Clags L III, include those laminates com=
posed of tesin reinforced with wover cloth of fiber=
glass or similar material, which are principally
applicable to structural parts,

Laminates are composed of layers of reinfaorcing,
usuzally some form of flber glass, that are impregna-
ted and bonded together with tesin, The reinforce-
ment for these Class L IIT astructural laminates takes
the form of a woven cloth in which the fibers occur

ag warp and fill and provide reinforcement in two
divecticns at right anglee to each other, or as roving
or continucus filaments which provide reinforcement
in only one principal direction, The bonding of the
fibers 1s accomplished by impregnation with any one

of several possible resins, the most common of which
are the polyesters, the epoxies, the phenalics, and
the polystyrenes. Foalystyrene resins are thermo-
plastic; the others are thermosetting. 4&n almost
infinite variety of laminates 1s possible through

the combination of the various reinfercements with
varieus resing. Even further variation can be obtained
through the use of combinations of reinforcement in a
single laminate,

Stress Analysis Discussion

The introductory sttess analysis discusslon is identi-
cal to that for Laminates, Class L IT (Section 3.021),
and ig repeated here for convenience,

Structural plastic laminates may be divided inte
three general types:

Those laminates whase strength and other mechanical
properties are the same in all directions and, con-
sequently, are said to be isotropic.

Those laminates whose properties vary depending on
the orientation of the laminate but are based on the
properties in two directions ninety degrees apart,
commonly said to be orthotropic (L},

Those laminates built up of combinations of either ar
both of the first two.

The atress analysis of reinforced laminates is carried
out by applying one of two basic apptroaches to design.
The partlcular approach depends on the mechanical
characteristics of the laminate za determined by the
type of reinforcement used in its fabrication,

Since Class L III laminates are fabricated using cloth
or roving as the reinforcement, the mechanical prop-
erties of the resulting combination depend on the
direction in which they sre measured. These laminates,
therefore, are neot isotrople; they are orthotropic.
Variation of strength and other properties of the
material, dependent on the orientation af lead to
direction of fiber in the reinforcement, results in

a significant modification of the conventional design
equations, and calls for an approach to design differ-
ent from the approach veed with mat reinforced lami-
nates, Whether the reinforcement censists of cloth
woven of yarn fabrics oriented at right angles to

each other, rovings with strands parallel to each
ather, or multi-layers of fabrics or rovings placed
parallel or perpendicular to each other, the resultant
laminate has twe princlpal directions parallel and
perpendicular to the direction of the main reinforce-
ment, and all of these combinations reault in an ortho-
tropic material.

(1) During investigations for this work the term "geolotTopic"
was sometimes uged synonimously with "orthotropic”, Due
to definition comnotation and accepted usage, orthotrapic
will be used in this Handbook far the laminate type des-

cribed,

See Glossary of Terms in Manual IA for more

complete infermation on these two terms.

4,031 1

Fundamental Stress Formulas

The equations for the buckling of flat plates of
isotrapic materials are used as the basis for arriving
at the basic equatione for orthetropic plates.

From standard works {2} oo the buckling of flat plates,
the equation denoting the condition of equilibrium of
a plate subjected to action of forces in iis middle
plane is:

2 2 2
aM M 3°M 2 2
. SR+ 2 [? 4y gy Lu
e 2 XAy ayz % 3l xy %Ay
2
o) w]
+N =/ ... ... .. .. E4,0311
S'ayz

where the axes and positive signs of the various terms
are showm in Fig, 4,031,1,

(a) Coordinate System

v = displacement

(b} Positive Bending Moments

FIG, 4,031,1 ASSUMED LOADING CONDITIONS FOR ANALYSIS OF

4,031, 2

4.031. 3

BUCKLING OF FLAT PLATE

Considering a differentizl element of the plate, and
summing up the atress components on each face for a
unit width of plate results in Eq 4.031,2,

+hf2z
M = S\ g2z . . . . .. ... Eq4,031,2a
3 -bf2 ¥

+h/2
MY = S‘ czdz . . . .. .. .. .Eq4,031,2b

iz ¥
S +hfz
M = T2z oL L. ., -Eq 4.031.2
xy T 4 ©

The strain-displacement relationships based an gecmetry,
small deflections, and & thin plate are:

Ex T2 T3 s s s 4 - o v s .o -Eq 4,031, 32

2 ot vt s s w e w . JEq 4,031,

Xy My ottt e «Eq 4,031, 3c

{2} TFor insatance:

Gerard, George, "Introduction of Structural

Stabllity Theory, p 35, McGraw-Hill Book Co., Loe (1962)

laf 5
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For an orthotropic material, the eguations relating
strain th stress are taken from Section 3.041, 3,
Manual IE, as follows:

o,
a—= . .
% T F ny E

£

Solving the first two of these equations for A and o
and rearranging the third results in: ¥

E
X
g - (e, + e}
X 1- "lxy“yx X b2 AR
_._Y_ + )
oy {e Fo y

XF yx
Txy = YayCay

Substituting the values for ¢ and & _from Egs 4,031, 3

?nto the above expressione fof Tys EIY and 'rxy results
ing
E 2 2
. == T—_?"""'-— [z 5_w+ Fyn® 'a—;]..Eq 4.031, 44
x Paytyx nd 3y

E 2 2
- [z 3—32’-4- oz §-{I..Eq 4.031.4b
y " Payhox L oay ATy
2
- v 031,
1:xy 2szyaxay « + s s s . - . Eg 4,03L,4¢

The walues abtained for a_, ¢ In Eqs 4,03L 4
may now be substituted 1nx'Eqsy4. lﬁx 2 with the follow-
ing results:

+h/2 E 3 2
M o= szzt-Tx——w[é-%+pxé—‘zi]
L V- y yx b aw Yy

3
+h/2 Eh 2 2
2 3w dw
S ez = - )I: 2+¢x-—2] 4,061

-h/2 xy"yx’ L 3w ¥ oy
« v+ » s« 4+ Eg 4,031, 54
3
" =5+“’2Mdz.__Ezh_y R
¥ -bf2 ¥ 12(1-. 3y 2 Ky ax2
e Eq 4,031, 5b
+h{2
= dz =
ey S‘ g [axay

e e »Eg 4,031, 5¢
Ta simplify the above, constants may be collected as
follows:
- _..._..__Exhs Eq 4,031,6a
x T Ty sos e Fa A 03

and E h3

D om o ... ..Eq4&03L6b
12(1-
¥y ( uxyuyx)

The constants, D and D_, are now inserted in Eqm
4.03L.3 and the Partial¥differentiations compieted
a3 follows:

ANALYSIS

2
M 4
My --D [& . 3w ]
ayz ¥ ayﬁ Xy axzayz
3

Xy 6 3xdy
2. 3
3] Mx . Gx h [ a-kw ]
Jxdy 6 32)(32)'

Thece expressions are substituted inm equation 4,031.1,
obvious simplifications performed, and the following
equatian obtained:

4 4 3
p 28, ,. 2w [%(nu +Du ) +26 h—]

x axla 8)(233’2 xyx ¥ Xy xy 12
4 2 2 2
+D —a-—Z=NxE’—‘2“ + 2N, %x%” iy
Ya}, « ¥y ¥ Ya},

v+« -+ . . Eq4,031.7
4,031.8 Eq 4,031.7 may be Lurther simplifled by letting D =
1/2 (Dxuyx + Dy“xy) + 2ny k3/12. Then the genera
differential equation for the deflaction of an ortho-

tropic plate subjected to the action of forces in its
mid-plane is obtained {3),

b gPﬂ‘—zl"+2n A +D ﬁa—“’uu s
X 3 Xy axZay v ay& x ax2

2 2
P . 2w

N + E . .
vy Ty NY ayz q 4,031, 8

4. 4 Derivation of Design Formulas

In the case of an orthotropic plate with ccordinate
axes parallel ta the natural axes of the laminate,
the x-y axes correspond to the g- B axes.

4.041.1 Therefore, subjecting an orthotropic plate to an axial
compreesion, -N , in the mid-plane of the plate and
parallel to the m-axis, as shown in Fig, 4.041, 1, Eq
4,031, 8 becomes:

E E 2
D + 2DQ$ ﬁ 7 + N -—2 =0
% xt 20”362 op ¥ xf
s b+ 2 .. . 2Eqg 4,041 1
. t
[+1 N b
"
! . I
+ All edges
aimply
B —h supported
N i T
o a

FIG. 4,041.1 LOAPING CONDITIONS FOR DERIVATION OF
EQUATIONS FCR Oy

{3) Timoshenko, S,, "Theory of Elastic Stability", MceGraw-Hill
Book Ca., Ine,, New York (1936).
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If all edges of the plate are aimply supported, and
it i{s assumed that it buckles into "n" half-waves
along the length "a" and one half-wave along the
length "b", the expression for displacement will bes

W= A sin B sin = PN
a b

c e .. Eg 4,041, 2
The value of the critical buckling stress, s, may
be obtained by performing the differentiatione on

Eq 4,041.2 indicated in Eq 4,041.1 and substituting
the results in Eq 4,041,1. Realizipg that o _ = X _/h,
the resulting expression is (3): “r @

ﬂz nzbz az ]
eroo La 2 of B 42

- s s o+ 2EQ 4, 0413
To find the minimum value at the bug¢kling stress for
the above condition of loading, the derivative of Eq
4,041, 3 is set equal to zero and it is found that:

b] E
a_ 4 o Y i+
=0 5 LY . Eq 4,041.4

Solving Eq 4.041.4 for a and subatituting of this
value Bq 4,041.3, with n = 1, results in the following
expression for minimum value of the critical buckling
stress in a simply supported orthotropic plate sub-
jected ta an axial compressive force:

2
2+
CerCmin) = 2 [-\[BQDB + DQB] .« . .Eq 4.081,52

D d D
When ) DB, an B

EB, GGB’
Eq 4.042, 1a becomes:

are replaced by their equivalencs
involvi E ; tc. and realizi
olving £, ,LGB, etc. a alizing that

EQLBQ = EBAOB’

2.2
xh
Ser(miny T 7] i [V Bty * Fatpy
_“asuﬂy)
+ Gaa (1- uaaum)]. wv - - . . Eq 4,041.5b

For other size plates, for which the dimentional ratiec
afb is an interger multiple of the critical ratio
found in Eq 4,041,%4, Bqs 4,041,5a and b will give the
critical buckling stress, This is due to the plates
buckling into a series of half-waves haviog ratins of
dimensions corregponding to those necessary to give
the minimum critical stresses,

For other plates which do not fit into the above case,
the buckling stress will be higher. The stress can
be found by using Eq 4.041.3 directly as followe
Substitution of the values for the constants, D, in
Eq 4.041,3 and rearrangement of the terms, results

in:
ﬂZhZ nabz a2
Sr T T2 Ba T2t 33
12b (l-uaap.w) a nb

+ Z[ED!"Lﬁa

+ ZGotB (l-uaﬂpmil}. v v s s - Eg 4,046

Eq 4,041,6, above, may be put into a more workable
form by the following collection of terms:

Epo o+ 26, (L-u i)
o = LB 0f o fy . Eq 4,041, 7a
s
5 7025
3| B )
q—b[E ] . . Eq &, 04L7b
[+
2

2 2
e ..+ . Eg 4047
and k lzl:q2+n2+2c].... q 4. 04 c

4,052

4,052,2

4.052,3

Using the above equations, Eq 4,041.6 will reduce to
the following expression for the critical stress on
a plate with simply supported edges, loaded parallel
ta the "a" direction only,

Eq 4,041, 8

Vaives of k in the above equation may be compiled by
plotting k vs. ¢ For various values of ¢ and using
these pleota for design purposes. Section 4.05 dis-
cusges these plots further. It should be noted that
for values of n, other than 1 and 2, the minimum buck~
ling stress oceurs when g = n, and has the same value
as that given by Eqs 4.041.5a and b.

Helpful Stress Analvsis Charts

Application of buckling theory to analysis can he
considerably simplified by the use of eppropriate
charts to determine the various terms in the equations
for the eritical buckling stress.

Stress analysls charts for buckling of rectangular
plates loaded in one direction which is parallel to
a natural axis

All edgee simply supported, Fig, 4.052.1.

Values of k from Eq 4. 041,7c are plotted against corr-
esponding values of ¢ frem Eq 4,041, 7b for wvarlous
values of ¢ from Eq 4,041.7a, The data for only one
and two half-waves are plotted, and it will be noted
that the minimum value of k is the same regardless of
the value for o. The use of this minimum value of k
for n = 3, can result in & maximum underestimate of
critical buckling atress of approximately 8, 5% when

¢ = 0, but only half that when ¢ = 1,0, For larger
values of n, the error decreases as n increases. The
equatlion for k, Eq 4.041,7c, is repeated below for
convenience,

2 [al 93
1<=1—2 q—2+n2+2c.........th.052.1

Loaded edges simply supported, other edges fixed, Fig.
4.052.2,

Apain only data for n = 1 and 2 are provided. When

n = 3, use of the minimum value of k will result in
errors, on the safe gide, of from 5 to 7.5% maximum
in estimating the critical buckling stress. For
larger values of n, the per geént error successively
decreases. The values of k cannot be obtained by
direct integration for these conditions of support
However, by using other methode {4), k may be approxi-
mated by the following expressiom:

4ﬂ2 3n2 2 c
kom "5- 2+3-2-+§.......Eq4.052.2
16q [ .

Loaded edges fixed, other edges simply supported,

Flg, 4.052,3. Data for 4 half-waves are provided,

It should be noted that successive half-waves have
different minimum values, Again, values of k cannot
be obtained by direct integration, but may be approxi-
mated by the following expressions (4):

For n = 1, 0.8%< g < 1,662, kmin at q = 1,520
NG Gl P Eq 4.052.3
43 qz q O L N . 3a

= gL =
Far n = 2, l.662=<q£2,711, kmin at q = 2.530

2
E—;‘+q2+10c] e e e w ... Eq4.052.3b

P
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o~
For n = 3, 2,711%q%<3,632, kmin at g = 3.415
nz 135 2
k=175 'q—2+q +20c| . .. .. . Bq 54,0523

For n = 4, 3,632£q with g taken to the minimum value
for k, which occurs at g » 4, 335

2
i 353 2
k= -—‘204[ —qz + q° + 3&0] L. v« s o BEq 4,052,3d

All edges fixed, Fig. 4.052,4. As in 4.052,3 above,
data for 4 half-waves are provided and successive
half-waves have different minimum values. Again,
values of k cannot be ohtained by direct integration,
but may be approximated by the following expressions
(43:

= =g
For n =1, 0.8%5q=1.094, kmin at q = 1,000

P E 2
k=~3[-5+3q +2c]‘. . v+ « « +Eq 4,052, 48
q

For n=2, 1,094<q=1,784, k

nin at g = 1,665

2
x 133 2
k= 180[ qz + 16q" + lcﬂ{l v v e e - .Eq 4.052,4b

For m= 3, 1.784€q$2.390, k , at q= 2,247

in

2
b a1 2 o
. Tz v« o+ o+« o« [Eq 4,052,
k %5 q2 + 297 + 10:] q 4,052, 42

For n = 4, 2,320%q with g taken to minimum value for
k, which oceurs at q = 2.852

2
T [10—;9 + 16q° + 136:]. ... Eg 4.052.4d
Y
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20,0

20.01

20,011

20.02

20,021

20,022

THEORETICAL ANALYSIS

FILAMENT WINDING, CLASS F 1

Simple pressure bottles without integral end
closures,

Physical Description

Filament Winding Class F I ingludes those wound
cylindrical tubes used for pressure vessels which
are fabricated from resin bonded fiber glass using
either chopped random fiber, woven fabric¢, or
continuous filaments ae the reinforcement. Neither
the chopped random fiber nor the woven fahric, when
used for this application, offers the potential and
actual strength that a centinuous filament offers

in a netting system composed of a combination of
helical and circumferential windings, Other
digadvantages of these first two types of reinforce-
ment stem from the manufacturing processes needed in
fabrication that result in seriocus prcblems of
quality control,

Strese Analysis Discussion

Filament winding developed as an art rather than a
sclence, large pressure vessels in particular were
fabricated on a trial and error basis, but, as the
importance of this type of structure Increased, an
improved understanding of the structural action
developed. Based on this understanding, design
techniques have evolved. In certaln areas where
complex loadings are involved, or where discontinu=-
ities exist in the structurgl form, empirical methods
af design are still in use.

The discussion in this section of the Manual TE will
be limited to the analysis and design of cylindrical
preasure vessels in which the filament is wound as a
system of low helix angle windings used to carry the
lengltudinal forces in the cylinder shell,
Asgistance in resisting the circumferential or hoep
stresses may be provided the helical windings by
using cirecular {or circumferential} windings as well,
The circular windings cannot be used in winding an
end closure, however, since they tend to slip off as
winding progresses, The combinatisn winding permits
the resulting vessel to approximate balanced
strength and allows the fibers to be stressed in
tension only. A passible cimbination of windings

is shown in Fig. 20.022,

OVALGID END
WINDINGS

CIRCULAR
WINDINGS

FIG: 20.022 TYPICAL PRESSURT BOTTLE WINDING COXFIGURATION

20,023

20.023,1

In the analysis of continuous filament wound
structures, the following assumptions are made:

The continuous filament or fiber carries all the
load,

20.023.2

20.023,3

20.023.4

20,024

20,03

20,031

The resin bonding material serves to hold the rein-
forcing fibers ta the desired structural shape,

There is no interaction between fiber layers.

Individual fiber layers may be wound at different
helix angles,

The stress analysis for continuous filamant
gtructures used as pressure vessels can be handled
in either of two ways depending on the system of
winding used. Single netting analysis is used when
the cylinder is fabricated from a single system aof
helical windings at a constant helix angle, o, as
shown in Fig., 20.031. Complex netting analysis is
used when a combination of helical and circumferen-
tial windings are used for fabrication of the
cylinder, as indicated in Fig. 20,022,

Fundamental Stress Formulas

The equations for use with the single netting helical
winding fllustrated im Fig. 20,031 are develioped
first. In this figure and the equations developed
therefrom, the followinpg notation is used:

T = Filament force over width ow

FH = Hoop force provided by filaments

Fp = Longitudinal force provided by filaments
a = Filament stress

Gy = Hoop stress provided by filaments

vy, = Longitudinal stress provided by filaments

S

FIG: 20,031 DETATLS FIR ANALYSIS OF A SINGLE SYSTEM

OF HELICAL WINDINGS.

20,031.1 Assuming only one half che thickness, t, of the

cylinder acts with each of the helical tensile
forces, T, then the following expression may be
derived for the strength in the hoop direction:
Fy = 2T sino
Since:
AL = Aw/sie ¢, then:
_ ¥a _2r sinza
0t wr T uow
T = af(Aw)t/2, therefore:

. 2
3. = Zolfwpr sin o = sinza. . . Eq 20,031.1

B t{dw)2

20.031.2 The analysis in the lengitudinal direction is

carried out in a similar fashion:
Fp = 2T cos

Since:

'
AL = Asfcos ¢, them:

L or cos’
—_— o iTces
AL s

o =

T = o(Awdt/2, therefore:

_ 2ofiw) ¢ cos%x _
ap, = =

£ () 2

o cos%ﬂ. . « Bg 20,031,2
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20.031.3 when a single helical system is used, balanced
strength is provided when the helix angle, rr, is
determined on the besfs of the ratio of hocp to
longitudinal stress as fellows,

2
5H _3sioa
ErL a cos O

2
tan"a = UB'JGL

-1
o =t 031,
an chsL Eq 20.031,3

20.031.4 Fig. 20.031.4 shows the relative proportions of ¢
taken in the hoop and longitudinal directions as the
helix arngls, o, varies.

1.0

ANALYSIS

20.032.2 The analyeis of such a pressure cylinder 1is based on
tha following procedure for the general case of twe
layers with different helix angles, When one layer
conslsts of circumferential windings these general
equations will apply by making the helix angle 90°
for that layer. In Fig. 20.032.2 s typical two
layer system 1s shown in lengitudinal section and
cross~gsection, Two helical lavers form the
cylindrical portion ef the vessel, but only one is
extended to form the end dome, The baslc assumption
is that the two systems act independently of each
other, TLayer 1 hae a helix angle of g; and layer
2 of Oy,

Helical layer 1

™.

yd

AN

/

unit length:
1 o
2 (Fl + FZ) = pD

Helical layer 2

or uLln

ayla
[=]
e
N

Z N
pd h

0 ¢ 0 30 40 50 40 70 80 90
HELIX ANGLE -y

FIG 20.031.4 VARIATIOR OF oy AND °, WITH HELIX ANGLE, o

20,031.5 when the cylinder i8 subjected to internal pressure
alene, ¢, = 2o, snd in order to achleve balance,
Eq 20.031,3 reguces ta;

. .
a=canl V2 =56%5 . ., ., .., Bq 20,001,5

20,031,646 An optimal angle can be derived in a similar fashion
for any cther ratic ¢f hoop to longitudinal stresses,

20,032 The equations for a cemplex netting system are now
developed.

20.032.1 When preasure c¢ylinders are constructed with
integral end closures, it becomes impractical to
use the optimum winding angle of 54%45', Imper fect
packing of the helical fibers around the end
closure and the changes in the radius of curvature
going from tangent point to end closute cause the
helical winding to perform at levels helow the
optlmum strength of the fibers, Therefere, it is8
necessary to use & helical winding system with a low
helix angle to form the ends as well as to carry the
longitudinal loads. The low helix angle will nat
provide sufficlent strength in the hoop direction
when the helical layers are of sufficient thickness
to carry the longitudinal load. To overcome this
deficiency, circumferential windings are provided
to carry the remainder of the hoop stress. These
windings are actually at a helix angle very close
to 900. Additional windings are not required for
the end dome and a balanced design may be achieved
by selecting an end dome configuration that fits
the helix angle chosen,

{a) Partial Cross Section Through Vessel Showing Circumferential
Hocp Forces.

Helical Layer - 2

e— EQUATER

of bottle i

(b) Partial Longitudinal Section Through Vessel Showing
Longitudinal Forces.

FIG 20.032.2 DETAILS FOR ANALYSIS OF A TWO LAYER
SYSTEM OF HELICAL WLNDINGS.

20,032.3 For a unit length (Al=1} of cylinder, the total hoop
foree resisting the intetrnal pressure, see
Fig. 20.032,2a, is:

T

where:
F. and F, = the hoop forces provided by filaments
in layer 1 and 2 respectively

p = irternal pressure

Using the previouely derived expression, Eq
20,031,1, to compute the component of the hoop
stress comtributed by each helical winding, results
in the following:

UH = ain%&
P y £, (1 2
1 (UHI 1 (1) = cltl sin oy

'o= t - 2
F, (UHZ) 5 (1) ayk, sin @,
rpD _ . 2

=4 (t] + tz) =0t ain o

2
+ uztz sin Dy« = v« o« Eg 20,032,3

4
E
s
H

H
£

£
#
T
¢
3




20.032.4

20.,032.5

20.032,6

20.032.7

20,033

20.033.1

THEORETICAL ANALYSIS

vwhere:

o, and g, are the filament stresses in layer 1
and 2 redpectively.

The total lopgitudinal force resisting the internal
pressure, see Fig. 2¢.032,2b, is:
a

i

n D

Fo =P +F, = pt55),
where:
F1 and F, = the longitudinal forces provided

by filaments in layer 1 and 2 respectively.

4sgailn using the previously derived expression,
Eq 20,031.2, to compute the compenent of the
longitudinal stress contributed by each helical
winding, in a manner similer to 20.032.3 above,
results in the fellowing:

0=GC02’
L 5

2
F1 = (gu) (r.DtI) =g, 1 DL, co8 ¢

1 1 1
2

Fy = (cLz) (nth) =u, th cos" i,
ﬂDz 2

p (T) = nnoL (tl + tz) = b (01 ty cos gy

€ 2
+ 0, t, cos th)

2
D, {t, +t.) =at cosza
4 L 1 2 11 1
2
[ . 4
+o,t, 208, . Eq 20.032

Wnen the cuter layer is wound in a circumferential
direction, the helix angle, ci,, approaches 90° and
equations 20,032.3 and 20,03204 reduce to:

pD 2
T Ultl sin = + 02:2

m b 0820.‘
i1 ®

0

1
Eliminating pD in these equations results In:

2 2
Ty o v s 4 0 s s n
231t1 cos al - Gltl sin al + Oy 2

. » «BEq 20.032,.5a

t2 a,(2 coszal - sin2al)
Lo L. .Eq 20.032,5
B 2

Since o, and ¢, are the maximum stresses that cao be
developéd in tﬁe helical and hoop fibers respectively,
thelr summation must equal the strength of the

fibers, o, or:

o, = C, =

Bg 20.032.% may now be rewritten as:

t E
EZ - ?5222 = 2c05;a1 - Bin%}l
1 Helix

= ScDB%ul -1.. .. .Eq20,032.6

The thickness ratic of heop to helical windings may
now be determined by using Eqs 20.032,5b and
20.032.46,

Another approach to determining the ratic of helical
to hoop windings may be applied.

This approach is based on the number of layers, L,
required in each direction, aod upon the fiber
strengths as determined by test. Such an attack to
the problem removes the difficultles inherent in
attempting to measure the thicknesses of a number
af different helical layers au-'required in the
previgus results.

20,033.2

20.033,3

20,033.4

20,033.5

20.033.6

20,034

20.034.1

The strength of a layer of helically wound fibers
is given by:

Fo=Z (% . oo a ... Bq 2003028
s 4
whore:
Fs = Force per inch of width
d = Diameter of reinforcing filament
a = Strength of reinforcing filament
L = No. of layers of reinforcing filament
f = No. of filaments per strand
= No. of strands per luch per layer
Note: subseript indicates which helical

gystem considered.

Assuming that the number of strands per inch per
layer is the same, the forge in the direction of
the fiber for all layers with the same hellx angle
is:

dpt, = Fst = s @ s s« s s s s+ oBq 20.033.2b

Substitution of Bq 20.033.2b into Eq 20,032,5a and
noting that L, designates the helical system and Ly
the hoop system results in:

2 2
ZPEL1 cos'oy = FsLl sin @ + FsLZ‘ Fg 20.033.3a

=

2. 2
2 cos Ql - ain al

-
-
-
E]

r“INL"
n
=
;
X

3 caszal -1l. . .. Eq 20.033,3b

Eq 20.033,3b may be used in & fashlon similar to
Eq 20.032.6. Wowaver, the resulrs are in terms of
the ratio of the number of layers required in each
direction rather than the thicknesses of those
layers.

To determine the required number of layers to resist
a giver applied force, the strength of the layers

in the direction of the applied force is equated

te that force, For a pressure vessel, In the
longitudinal direction, for instance, the number of
helical layers may he determined from

2
E% = % (d)ZUfALCDB oy or
“geltx = —BB———— ., .. .Eq 20.033.5
#d of A cos' &

1

When Eq 20,033.5 is used in conjunction with
Eq 20,033.3b, the required number of layers in
each direction, both helical and hoop, may be
computed, Only the physical dimensicns and
properties of the fibera need be known and an
appropriate helix angle selected.

When several helical systems are used, the
golution may be approached by extrapelating
heyaond Eqs, 20.031.1 and 20.031,2.

Tt has been assumed in the previcus analyses that
each layer of fibere acts independently, Therefore,
their contributions te strength will be addirive.
For geveral layers in a pressure vessel, then, the
total hoep force, F ., may be expressed by the
general expression Qndicated as Eq 20.034.1a below:

2 2
FH = z(nltl sin oy + 02t2 sin Ty ervsnvnannncan

2
+ ot gin an). + Eq 20.034.%a

IE
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In like macner, the total legitudinal force,
way be expressed by the general expression
indicated as Eq 20.034,1b below

Fl’

2
= Z(clt1 co8 O, + g,t ccs%x e 8 e s 4w

FL 1 272 2

+a t casza }. . Eg 20,034.1b
nn n

Derivation of Design Formulas

The foregeing analyses result in a number of formulas
applicable to the design of filament wound pressure
battles. Additienal approaches and different

loading conditions are currently heing gtudied and
will be added to this section in the future.

Helpful Stress Analysis Charts

Special Considerations

When loading conditions hecome more complicated, or
other circumstances of use more complex, 1t is still
necessary to predict the potentialities of the
structure, In these situatiens, strength tests of a
model or prototype of the proposed structure are
invaluable, The netting concept of analysis becomes
less valuable in such cases, and an evaluation of the
test results in most sdvantapgeously carried out on the
apgumption that the actual necting structure is
homogenecus. Such an spproach will enable the
overall properties of the mcdel to be determined.

One of the complexities of loading commonly
encountered is that produced by concentrated loads.
In general, this type of loading should be avoided
in filament-wound structures since it causes areas
in which the stress is increased over the stress
caused by intermal pressure alone. Where concen-
trated lpadings cannot be avoided, every effort
should be mede to apply them in an axial direction
at the polar fitting or fittings, or introduce them
to the filament-wound structure as a uniformly
distributed circumferential load,

Another complexity occurs when local layers of
additional material are ipserted in a filament

wound structurg. When a balanced netting system

has been used as a preasure vessel under these
circumstances the additional localized material
incteases the stiffness of the structure in that
areda and 4s a result the meximum strain is reduced.
If the elastic properties of the lotal reinforcement
are simllar to those of the complete pressure vessel,
it 1s apparent from a consideration ¢f the strains,
that the reinfercement cannot be aver stressed. How-
ever, the locally sciff region will generate
secondary bending stresses in the adjacent shell as
it adjusts its strain to accommcdate the discontinuity
in strain pattern produced by the stiffer area of
local reinforcementc.

iy sl
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21.022,1

TABLE 21.022.1 GEODESIC OVALOID PROFILE, @ = 15
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THEORETICAL ANALYSIS

FILAMENT WINDING, CLASS F II
Bottles with end ports.

Physical Description

Filament Winding, Class F IT includes wound
pressure vessels with openings in either or both
ands.

See Class F I, Section 20.01.

Stress Analysis Discussion

In the early designs of flilament wound pressure
vessals that included end closures as an Integral
part of the winding, the end domes were made
hemispherical. Unfortunately, the hemispherical
configuration produced changes in the stress along
the length of a helically wound filament as the path
pf the filament progresses from the end of the
cylinder to the pole of the hemisphere. These
changes in stress must be carrled by the matrix and
cause a weakened structure. The result of such an
end closute 1a to destroy the balanced design since
a greater number of windings are required in the
dome rhen are tequired in the cylinder to carry the
same internal pressure. The helical windings are
necessarily continuous over both cylinder and end

dome, and use of a hemispherical end closure increasee

the weight of the cylindrical portion beyond the
weight necessary to carry its shate of the load.

To minimize the unbalanced design inherent in the
spherical end dome, the elliptical or ovaloid shape
has heen developed. Two approaches have been made
to this type of shape,

In the first, a gacdesic path has been chosen for
the filament with the result that the fiber is
capable of carrying both the longitudinal and heoep
stresses at each point along its path. BSuch a path
orients the Fiber to the axis of the cylinder by a
continuously wvarying angle. This solution produces
what has been called rhe "geodesic ovaloid" profile,
and a typical one is dimensioned in Table 21,022,

1t has been derived using an analytical approach.

a

X v
1]
. 1.00 [ 0.0
s 0.93 | 0.10154
7 0.96 | 0.20044
‘ 0.90 | 0.30917
sx 8 0.80 | 0.4188
+ 0.70 | 0.4904
3 0.60 | 0.5004
| 0.50 | 0.575%
0.4¢ | 0.6004
,,‘,+,,,°°—L 0,301 0.618

In the second solution to the problem, the winding
is done at low helix angles, as low as 4%, and these
angles remain constant throughout, The fibers, in
this case, are oriented in a plane and the solution
is a special case of the plane-ovaloid end dome,.

The fiber orientstion s such that it results in
zero hoop stress in the fiber but leaves a residual
longlrudinal stress. This type of end c¢oonfiguration
is derived using an analag technique in which a
netting of fine threads is constructed by hand araund
an end closure fitting and fastened with uniform
gpacing to a circular ring representing the meridian
at whlch the end dome is fastened ta the eyliadrical
portion of the vessel, The threads are wound over
an inflated rubber diaphragm in a semi-loecse
conditlen, When all the threads are in place the
diaphragm pressure 1s increased and the thread
pesitions recorded, usually by photography. Sterec
photography would seem to offer an excellent wethed
for determining rhe pesition of the filaments,

21.03

21.031

21,032

21.032.1

21,032,2

21.032.13

21.04

21.041

Fundamental Stress Formulas

To develop the basic equation feor the geodesic
ovaleid end dome, two procedures are available:
one 1s analytical and the other is semi=-graphical,
In both approaches, the helix angle, o, is
controlled by the diameter of polar-opening
required. This diameter-helix angle relationship
is given im Table 21.031.

TABLE 21.03%
Helix Angle, ol Ratio of Polar-Opening
Diameter to Cylinder
Diameter
5 0.087
10 0.173
15 D.238
20 0.342
25 0.422
30 0. 500

Analytically, the hoop and logitudinal stresses from
the netting analysis presented in Section 20,031 of
this manual (Eqs. 20.031.1 and 20.031,2) are equated
to the hoop and longitudinal stresses for surfaces
of revolution,

From the netting analysis:

. 2
UH = 7 sin o and UL =g cusza
For surfaces of revelution:

P ry
H t

=
n

r pr
23 - —
(1= 21_m) and a T3

internal pressure

ry = radius of curvature of the dome perpendi~
cular to the meridian line.

r = radius of curvature of the dome in the
direction cf the meridian

t = thickness of dome material

Nate: rg =R where dome joins cylinder,

Combining the foregoing expressions will resulc
in the following:

) Py r,
o = —= -
_ sin oz T {1 T
m
P 53
o = 0 cos T

a r

E o tanr=2--2 ... ... . Eg 21.032.3
a. T

L m

Derivation of Desipn Formulas

Ta develop the gensral equations of the end dome
prefile the nomenclature shown in Fig. 21.041 is
needed. This figure illustrates the contour of the
end dome and details a small element along the
meridian at peint a (x, r). Ir this figure and

the equations developed therefrom, the following
notation is used.

R = radius of cylinder

B = angle ry and rq make with vertical
coordinate axis

x, ¥ = coordinates of point a

r3 = radius of curvature of end closure
perpendicular to meridian at point a

r = radlus of curvature of meridian at
point a

IE

I
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x and from Eq 21.032,3:
ot = .
] r
4 polat a (x,1) 3. 2 - tanzcz
} ,A/ "
g - e 2
‘g 5 f or: =r tan® =" 2 - tan'y :
) £
i dr tand o ;
: m et T 2 £
. 2=tan"q 3
R r ‘
1f the expression - tanh 18 taken as a ?
2-tan’® i
lind function of 8 [F(B)], using the following 7
ty cya;‘;:r procedure will result in Eq 21.041.2 below. L
:
] _ _ ,i: _ de i
! L = F(p)de H
H r 5
8 ¥

In{r) = ZI;’(G)de +1lrc
.8
: 1n(§) -lp(e)de

Realiziog that at @ = 0, t = R and therefore
¢ = R in the abova:

g
1n(§) =l F(O)dB, . . . . ... . .Eq 21.041.7

21.041.3 ‘The results represented by Eq 21.041,2 may be
expressed in another form by letting a equal the
integral portion:

S I b e i

.8
a =XF(9)de. "+ s 4w v s s x4 JEq 21.041.38
]
then:

n s e 2 s

rwRe®. . ... ... .....Eq2L.04L.%

21.041.4 The other coordinate of the point (x, r) i{s found by

using Eq 21.041.1b and the resulte juat obtained;
Detail at Point "a"

L dr

i d = tand

FIG 21,041 END DOME PROFILE a

3 and gince t = Re

# 21.041.1 Utilizing Fig. 21.041, the following relationships dr = llen [F(e)] ae

; evolva:

a
i T o= rye088 .. ..,..,,Eq2l.04],1a dx = {-re”) F(p)da

T R N N L 8 NV A g By

i tand
9 _:_;_ P N Eq 21.041.1b Integrating and noting that x = 0 when @ = D:

ds = rmdB........... Eq 21.041.1c

5

8 a
I A TOT

? Tano + =+« « ., JEq 21,041.4
dx

5 5
= 3 or: x --;—[rde -%Z}'Jcos_o)da. e .4 Eq 2104156

9 = e f. ... ... ... . Eq2l1.041.14
21.041.5 Eqs 21,041.3b and 21.041.4 may be integrated (withig
21,041.2 To find the coordinate, r, af the point a (x, T}, certain limits of initial helix angle and B) using
Eq 21.041,1c and d are used: Simpson's Rule and a computer if at all times
Eq 21.032.3 15 matisfled. por the simplest case,
ds [dx dx when o = 0, the expressions for r and x may be
I, ‘?l; =% " Ta coad reduced to a more manageable form., To find an
expression for v under these conditions, it 1g
or: do 1 noted that F(B) becomes = =(tan@)12 since randy = 0.
% T cosd Theretore:
m
)
T tangde 1
5 Multiplying by r: IH(R) = 'j; =5 - = +3 1n cos@
r
3 ds r 3 ;
] rﬂﬂ_——rmcosgﬂr_m Or: r mRvicos®. . ., ., ., ., ., .. - BEq 21,041.5a E
E Taking Bq 21,0414 for x and substituting for i
: Frem Eq 21,041, 1b: as before: & F(8)
5
‘ dr -8 4. tanh, de 1 6
4 b Tan @ ® - -l}f e (- =5— )__tane - Efﬂenda
H o o
E
4 or: T de _ =rtang de
i T
3
¥
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21,041,6 Egs 21,041.5a and b define a surface of Tevolutilon

21,042

21.05

that has the property of zero stress in the hoop
directien, This surface was developed faorty years
aga by Mr. G. I. Taylor for the design of a
parachute, He felt that a parachute on the verge of
wrinkling between cords {zero hoop stress} would
provide the minimum weight of material. These
equations are more readily scluable than the general
ones previously derived.

Further discussion of Eqs 21,041,3b and 21.041.% is
necesgary to clarify their application to the design
of a dome profile when angle >0, For any of
those cases, F{8)} becomes difficult to express
precisely since it 48 a function of ¢, and

varied over the dome surface, This difficulry may
be reaclved approximately by writing empirical
exptessions for F(8) or otherwise determining ite
value at selected pointsa an the surface. When the
helix angle, &, of the cylindrical portion is
amall, the analog techpique based on a zero hoop
atress configuration for determining values aof «
and 8 around the dome is satisfactory. F(@) may
ther be computed for each set ¢f values and
numerical methods of Iintegration may be used on

Egs 21,041.3b and 21.041.4.

Helpful Stress Analysis Charts

(E
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PROCESSES

INTRCDUCTION

Purpose of Manual

The general purpose of this Manual 1a to present
various processes and fabrication methods as they
are used in the reinforced plasties industry.
Iocluded will be discussions of procedures, methods,
equipment, effects and, where possible, details of
the foregoing.

The primary objiective is to provide general back-
ground information on the procesaes used in
fabricating structural plastics parts, The first
edition of this Manual presents only general discus-
sions of various basic pracesses and their variations,
Future editions will add specific information on
particular methods used by various concerns,

The information included herein has been developed
froem reviewing literature, formal and informal,
industry published data, and personal visits to a
majority of the reinforced plastics fabricators,

Tdentification Code

For the purposes of organization and cross
referencing the information presented in this
Manual is divided inte sections as Indicated in the
Table of Centents which follows.

Each section is coded to identify the process
category lunvolved, The titles indicated in the
Table of Contents will clarify this procedure.

In future editions, specific detailed methods will
carty the process category code plus an identifying
number or letter,

Contents of Manual IF

This Mannal is divided into sectiens as follows:

Section No. Subject
.0 TNTRCDUCTION
1.0 PROCESS CODE CM
Contact Molding
10,0 PROCESS CODE B
Bag Molding
11.0 PROCESS CODE VB
Vacuum Bag Molding
12,0 PROCESS CODE PB
Pressure Bag Molding
17.0 PROCESS CODE AB
Autoclave Bag Molding
20,0 PROGESS CODE FM
Press Molding
21.0 PROCESS CODE PM-C
Press Molding-Contact
Pressuta
22,0 FROCESS CODE PM-3
Press Molding~Against Stops
23,0 PFROCESS CODE PM-H
Press Molding-High Pressure
27,0 PROCESS CODE CPM
Continugus Press Molding
40.0 PROCESS CODE W
Winding Process
41.0 PROCESS CODE FW
Fllament Winding
45,0 PROCESS CCDE RW
Roving Winding
48,0 PROCESS CODE TW
Tape Winding
60.0 PROCESS GODE C
Sandwich Cores
90.0 PROCESS CODE 8§
Sandwich Parts
100,0 MACHINING
150.0 FINISEING

AND TOOLING

0.032

0.033

0.034

0.035

0,04

0,041

0.041,1

0.041,2

Only the general discussions on contact melding,
bag molding and presgsure molding are included in
this first edition. However, the Table of Contrents
will indicate future expanded coverage.

Each Section of this Manual which covers a Process
is sub-divided into major subjects as follows
using Section 2.0 as an example;

Paragraph Sub ject
2.0 SECTTON TITLE
2,01 General
2.011 General Description
2,012 Applications
2.013 Advantages and Disadvantages
2.02 Haterials Used
2,021 Release Agent
2,022 Gel Coat
2,023 Resin
2,024 Relnforcemant
2,025 Premix
2,026 Praepreg
2.027 Precured
2.03 Equipment Used
2,031 Lay=Up
2,032 HMolds
2,033 Freasure
2,034 Temperature
2,035 Other
2,04 Process Descripeion
2,041 Lay=Up
2,042 Prepsure and Temperature
2,043 Curing
2,044 Other
2,05 Finishing
2,051 Trimming
2,052 Machining
2,053 Surfacing
2,054 Coloring
2,055 Attachments

It will be noted that for each process category
one paragraph number will always indicate the same
subject, This will facilitate use of the Manual.

For complete Table of Contents for the entire
Handbook see Manual 14,

Abbreviationa and Glossary

In ¢ross referencing the process identificat{on code
to othet Manuals, particularly IC and ID, it will be
noted that additional information i3 given alaong
with the process category, Several examples follow
which will clarify this procedure.

Example 1 from Mamual ID, PolGe, Fig. 3.03%.4:

Pracess: PM, 15 psi, 30 min, 220F + 3 hrs, 500F

M = Process Category (press molded)
15 psi = Applied pressure

30 min = Time at pressure

220F = Temperature during pressure

+ = Additionzl cure at pressure

3 hrs = Time for additional cure

300F = Temperature for additiomal cure

Exemple 2 from Manual ID, Po2Ge, Fig. 3.,043.1:

Process: PM, psi indicated, 30 min, 176-248F + PC,
24 nr, 350F
M = Process Category {press molded)

psl indicated = Applied pressure is indicated

elasewhere {n data

30 min = Time at pressure

176-248F = Temperature duting pressure, in
this case given am an allowable
range.

+ PG = Additional poat cure without
pregsure

24 hr = Time of post cure

3I50F = Temperzture of post cure

lof 2
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In scme cases additional information ia given such
as percent of additives or curing agents or lay-up
procedure, for example: XL = croms laminated in
contrast te normal parallel laminated.

Certain terminology is used in subsequent discussions
which is considered aa standard, konown, or understood
from coutext. Where appropriate, rChese are defined
in the text.

Fot complete listing of all abbreviations and
definitions used throughout this Handhook, see
Manual TA,

Information Sources

Where particularly important, the information
source ig Footnoted directly within the text or
figure invelved,

A general bibliography of pertinent reference works
used in compiling this Manual includes the
following wmore important items.

1. Anonymous, “"Technical Data on Flastics”,
Manufacturing Chemists' Association, Inc.,
Washington, D. C. {1957).

2, Anonymous, "Polysster Handbook", Scott Bader and
Co., Ltd., Loodon W.C. 2 (1%39).

3, Dufftn, D. J., "Laminated Plaatics', Reinhold
Publishing Corporation, New York (1958},

4, Golding, B., "Polymers and Resins", D. Van
Nostrand tiompany, Inc., New Jersey (1959).

5. Lawrence, R. J., "Polyester Resins”, Reinhold
Publishing Corporation, New York (1960).

6, ‘'Moderrn Plastice Encyclopediz Tessue for 19463",
Modern Plastics, New York (September 1962},

7. "Plastics Engineering Handbeok", Reinhold
Publishing Corporation, Wew York (1960}).

8. Numeroua personal comtact visita and conferences.

A complete source index is given in Manual IA,
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PROCESSES AND TOOLING

FROCESS CODE CM
Contact Molding
General

General Description, Contact molding was developed
in the late 1940's and has been referred to as Wet
Lay-Up Process, Single Mold Procesa, Open Mald
Fabrication and Hand Lay=Up Melding., The term
“contact molding" suggests fabrication of reinforced
plaatic articles without the use of pressure, the
use of heat being optional., The reilnforcement is
laid in the mold by hand or spray techniques and 13
generally composed of cloth, chopped fibers, or glass
wat, either pre-impreganted with resin or untreated.
If untreated, it is wetted with a liquid resin
applied with a brush, spatula, or spray gun, The
filler is rolled or otherwise worked by hand to
remove entrapped air and te ensure intimate wetted
contact between fibers, filler and mold surface. The
melding #s then aliowed to cure at room remperature
or by the application of wild heat, TFigure 1,011
illustrates a contact malding before and after cure.
Contact molding may be sub-categorized into two
processed based on the method of lay-up nanelys

Hand Lay-Up and Spray Lay-Up., Subsequent articles
in this aection will clarify this.

Cellophane

HMold

Relnforcement

Resin/glass
lay-up

Mold

a. During Lay-UP
Cellophane

Molded Part

b. After Cure

1,011 TYPICAL CONTACT MOLDING BEFORE AND
AFTER CURE (Owens-Corning Fiberglass Corp.)

1,012

1,013

1.013.1

1,013.2

1.02
1,021

1.021.1

1.021.2

1,021.3

1,022

1,022,1

1.022,2

1,022,3

1.022.4

Applications. The contact melding of reinforced
plastics is widely used in the manufacture cf boats,
ranging from 6-ft, dinghies to 40-ft, auxiliary
sailboats. An increasingly large percentage of the
total outboard motor boat market now involves plastic
boats fabricated from polyester resin reinforeed with
glass fiber materials. Additional applications
ioclude rademes, furniture, swimming pools, storage
tanks, and ailreraft components. Contact melding is,
perhaps, the most widely used process in the rein-
forced plasties industry today.

Advantages and Disadvantages

Advanteges. Contact molding 13 one of the simplest
processes for manufacturing reinforced plastic
parts. Minimum equipment is required since critical
pressures, temperatures and time cycles are excluded,
Hence, tooling costs may be kept at a minimum,
particularly for production runs on & limited numbher
of parts. To minimize the disadvantage of excessive
"handling" involved, increasing use is being made of
preformed reinforcement, pre-impregnated reinforce-
ment, spray-up techniques and the like,

Disadvantages, As indicated above, disadvantages
become apparent when a production run of a large
number of parts is invelved. An economic point
is usually reached where Lt 18 more advantageous
to use some form of press molding or bag molding
when "mass praduction" becomes necessary., From
the standpoint of atructural parts several major
disadvantages become apparent, These include:
poor dimensional accuracy, low strangth due to
the relatively high ratio of resin to reinforce-
ment necessary, and difficulty in maintaining
uniformity throughout the part.

Materials Used
Release Agent

To prevent the finished part from sticking to the
mold, a sultable release agent 18 required.

Gritaria for selection of the release agent
include:

a, Ease of application,

b, Uniformity of coverage,

¢, QCompatability with mold, and

d, Compatability with plastic part,

Colored release agents are often used to assiat in
distinguishing potentlal weaknesses in the coating.

Gel Coat

To impart certain desirable characteristics to the
surface of the finished part, a gel coat is often
applied to the working surface of the mold prior

to placing the reinforcement and resin. During
processing this gal coat, usually a resin and filler
compatable with that being used for the molding,
becomes an integral part of the surface of the
finished product,

# gel coat 18 used to provide one or a coubination
of several features:

a. A tough abrasion-resistant surface to prevent
fibers from blooming on the surface,

b. A continuous colored surface that suppresses
fiber pattern and needs no further finishing,
and

c. A surface with special chemical, weathering,
impact or other properties.

Criteria for selection of the gel coat include:

a, Ease of applicatiom,

b. Unifornity of coverage,

c. Compatability with materials used in finished
product, and

d, Intended surface design requirements.

Gel coats are usually kept as thin as pozsible (10 to
20 mils) to avold unbalanced comstruction and
excesgive brittleness on the outside of the molding.
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On more simply curved surfaces, a fine textural
material, such as glass fiber surfacing tiasuve,
synthetic fabric or even paper, can be used to form
the first ply of the molded pert in place of a gel
coat, However, it is difficult to uniformly apply
such materlials to complex shapes,

Resin

The requirements of the resin system for use in
contact molding will vary somewhat to conform to

the particular handling problems Lnvolved and the
desired physical properties of the finished product,
The following basic characteristics generally apply
to all contact melding operationss

a4, Ligquid Characteristica. Low to medium viscosity
with some thixotropy if hang-up on vertical
surfaces L8 required.

b. Curing Characteristics, Room temperature gel in
15 minutes to 2 hours with subsequent fast devel-
opment of hardness el room temperature or
slightly elevated temperature. If carried out
solely at room temperature, final cure may
develop over a pericd of several days.

c. Cured Properties. Semirigid te rigid wirh no
vatiation in properties ar appearance over the
entite surface of the melding. In some cases
rack=free cure of air-exposed surfaces is
desired.

Resin may be used as commercially available in
various liquid or dry forms, or may he applled as
part of a prepreg material, etc.

For structural applications, polyester resins are
most commonly used in eontact molding parts, How=
ever, ather thermoset vesins are certainly applicable,

Reinforcement

The requirements of the reinforcement system for use
in contact melding will vary considerably to conform
to the particular handling problems invelved and the
desired shape and physical properties of rhe

finished product, The following basilc characreristics
generally apply to all contact molding operarions:

a. Drapability, the ability of the reinforcement to
uniformly conform to the shape of the mold,

b. Wetsbility, the ability of the reinforcement to
thoroughly "wet out” or absorb the resin assuring
complete surface coverage of sach fiber, and

¢, Uniformity of distribution of reinforcement
throughout the finished part.

Commercilally available reinforcements may be applied
in dry condition or pre-impregnated with resin or in
various preform or premix conditions., Since the use
of "preformed” relnforcement is more common in the
various processes involving pressore, it 1s discussed
in detail under these.

For srructural applications, glass reinforeing in
such forms as cloth, chopped fiber, mat, ete. are
moat commenly used in contact molding., However,
asbestos reinforcing has been uded and fibrous
graphite is under experimencation.

premix. Mixtures of resin and reinforcement combined
immediarely prior to placement in the mold may be
used under certain circumstances. However, these are
far more common in the various processes involving
pressure and are discussed in detall under these.

prepreg, Although nor usually encountered ip contact
molding processes, "“prepteg” materials may, under
certain circumstances, be used. Since they are

more applicalble to processes involving pressute, they
are discussed in detail later in this Manuval.

Precured, Not applicable,

1.028

1,03

1.031

1.031.1

1.031.2

1.032

1.033

1.034

1.035

1.04
1,041

1.G41.1

Others, OCertain additives may be used in the
contact molding process to impact desired
characteristics such as color, durabilicy,
temperature resistance, and the like, to the
finished product, or te influence cure or other
phases of the production, These will depend
entirely on the basic materials used and the
desired results, The important thing te realize 1s
that such additives do increase the flexibility
inherent in "tailor making" reinforced plastic
parcs.

Equipment Used

Lay-Up. Lay-ip, or placement of materials in the
mold, can be accomplished in two ways for contact
molding, by hand or by spray techniques. The equlp=
ment invelved will be dependent on the method used.

Equipment necessary for Hand Lay-Up of contact melded
parts is quite minimal and normally includes such
small items as: resin contalners; resin applicators
such as brushas, spatulas, rolliers, etc,; reinforce-
ment trimmers; and protective equipment such as
gloves, aprons, and, passibly, glasses. 1f preformed
reinforcement is used, appropriate racks will be
required to adequately support the preforms prior

to placenent Lo the molds.

Equipment necedsary for Spray Lay-Up of contact
molded parts is relatively more complicated. The
single important item here is the "spray gun". A
number of these are commerclally available and range
in complexity from simple "guns™ to spray resin on
previously placed reinforcement to dual headed "gung”
which simultaneously spray resin and chopped fiber
reinforcement in predetermined ratios into the mold,
Auxillary equipment includes material storage tanks
or bins and the like. Protective equipment fs the
same as for Hand Lay=Up except emphasis should now
be placed on the use of glasses and | loves,.

Molds. Contact molding invelves the use of anly ome
mald which ean he either male or female according to
which face of the finished part is required to be
smooth, The mold is made from a wooden, metal or
plaster prototype, and can be fabriecated from any
material of sufficient rigidity to maintain the shape
of the molding during impregnation and curing. Wood,
plaster, concrete, metal and reinforced plastics are
all being used successfully, Porous materials, how-
ever, must be properly sealed. The working surface
of the moid should be finished as smoothly as
poasible, since any imperfection will be evident on
the surface of the finzl wolding,

pPreasure, Not applicable.

Tenperature, C{ontact melding sometimes incorporates
the use of heat to accelerate the curlng process.

The equipment commonly used 18 a avandard oven

usually of the circulating watm alr variety. In
certailn application of this process, it may be
desirable to ude heated molds. These usually iovolve
electrical heating elements or cireculating hot water
or steam piping built into the body of the mold itself
or affixed thereto.

Others. Other equipment which may be necessary
{ncludea jigs or forms to hold the laminated part in
shape after removal from the mold and during curing,
transport and storage equipment, etc.

Process Description
Lay-Up

Hand lay-up. Before the hand lay-up laminating
procesds begina a cost of release agent 1s spread
evenly over the entire mold surface by spray, brush
or sponge. {are should be taken since the molding
may etick to any part of the mold surface nct coatad
by release agents, The use of a colored release
agent will help in distinguishing weaknesses in the
film.

T R

T AT e g, e



1.041.2

1.042

1,043

PROCESSES

Yext the gel e¢nat Ls applied by either brush or

paint roller, Besides being able to stand up under
the service intended, the gel coat must also handie
properly during application. Thls is necessary te
obtain an easlily applied uniform coating which can

be bulilc-up to a thickness of 10 to 20 mil, The

gel coat resin mixture should be allowed to stand for
a few minutes prior te use to permit the escape of
entrspped air bubbles. To ensure preper adhesion the
lamipating process should be started as early as
practical after the gel coat has hardened sufficiently.

Previously cut glass mat or tailored glass clerb is
placed in position on the mold prior to applicatien
of the resin sclucion, Tt is lmportant to maintain
a resin-to-glass ratio which has been found to give
satisfactory performance, This ia generally
accomplished by using measured quantities of glass
and tresin rather than arbitrary addition of resin
until the glass becomes completely saturated. The
laiter procedure leads to an excess of resin and,
congequently, lower strangth, On female molds, it
is best to apply a liberal ceoat of resin first thus
helping te keep the mat in position and also forcing
air away from the mold surface,

The best method of applying the resin is by a
stippling acrion with a saturated brush. Variocus
spraying technilques can alsc be used, but since

they are not alwvavs entirely satisfactory ir is
inadvisable to use these before the hand lay-up
technique has been mastered, The impregnation af
the glass reinforcement should be thorough and must
always be followed by rolling wirh a suitable roller,
praferably transversely ribbed. This consolidates
the glass fiber and forces air bubbles, which will
wazken the final melding, out of the resin. As many
layers of glass mat as necessary can be laminated in
this way, each layer being roiled individually, It
will usvally be found that the fimal layer can be
placed in position and rolled without the addfition
of extra resin, since the rolling action will force
sufficient resin out of the laminate to impregnare
this layer. Excess resin on the surface should
always be avoided. Where the reverse surface of a
component will be visible and some improvement in
the appearance is required, the final ply can be a
glass surfacing tissue, Alternatively, it can be
flock sprayed,

Spray lay=-up, The most recent innovation in cantact
melding is the use of dual apray guns for the
application of the resin. Separate mixes of catalyzed
and accelerated resin are combined in the gum, or

just after they leave it, to yleld very fast gel times
on the work with noe concern for shorc pot 1lifa. Some
of these resin guns are used with glags choppers for
simulraneous or separate application of glass fibers
directly to the mold surface in e random pattern.

This method of applying glass offers considerahle
posslbilities for saving money by using glass roving
{considerably cheaper than glass mat); by eliminating
the wastage of time and meterial required to tailor
preformed mat te £it contoured sectionsj and by
reducing the loss of roon tempetature curing resin
wixes which gel before they can all be used. As with
hapd lay-up, however, application of the release

agent and coften a gel coat is necessary. G&ee

Section 1,041.1 for discussion of these,.

Pressure and Temperature, Contact molding does not
involve the simultaneous application of pressure and
temperature.

Curing. Curing can often be accelerated by the use
of external heat or by means of heating elements
bullt into the meld. Once the resin has get the
melding can be removed from the mold and left to
cure, This step can be carried out either at room
temperature, which will take up to four weeks, or at
80 ¢ for about two hours in an oven. In the latter
case, 1t is generally necessary to age the molding
for at least 24 hours at room temperature before
placement in the oven. To prevent warping it may be
necessary to bold large moldings in scme simple jig
while they ¢ure, To minimize warping, laminates
should be of & balanced conetruction.
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Finishing

Tt iz not one of the objectives of this first edition
to cover cthis topic fully.

Trimning
Machining

The use of gel ceats and plies of surface
It is

Surfacing,
tissue, etc., have been previously described,
important to realize that virtually any surface
texture or configuration may be chtained with
contact molding.

Coloring. The final molding can be painted with
any of the unsual surface ceating finishes after all
traces of release agent have been remcved., It is
often worthwhile to fncorporate a plgment in the
resin, however too much pigmentation may result in
and inferior molding,

Attachments.
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PROCESS CODE B
Bag Molding - General
General

General Description. BRag molding fellows the
pracedure used in contact molding (See Sectiom 1.0)
except that pressure 1s exerted upon the wet lay-up
by means of a flexible bag, The pressure can be
generated by either application of vacuum or positive
pressure to the bag., Bag molding was developed ta
help over come some of the inherent difficiencies
of the contact melding process, namely to improve
strength and accuracy and to reduce curing time,
Although a mare complex method requiring particular
equipment, this method has wide spread econemical
uge, Bag molding may be sub-gategorized into three
processes based on the method of applying the
prassure, namely: Vacuum Bag, Pressure Bag and
Autoclave Bag. Because of the relative importance
and use of each of these metheds, the specificas of
each will be discussed under separate section codes
VE, PB and AB respectively. The following writeup
in this section will descrihe the general method

of bag molding as invelved in all three methods,

Application., Bag molding of reinforced plastics is
widely used in the manufacture of automobile hodies
and parts, alrcraft and aerospace craft components,
boats, ductwork, tanks and prototype melds. In
speclfic regard to the aerospace industry, bag
molding is perhaps a mote commenly used process than
contact molding because of its basic advantages over
the latter.

Advantages and Disadvantages

Advantages. HNext to contact molding, bag molding
18 perhaps the simplest process for manufacturing
rvelnforced plastic parts, Due to the use aof
preasure (negative or positive), structural parts
of mouch higher strength and lower weight are
passible. Furchermore, larger parts become
practical by this method. The reduction in weight
often Teduces er even eliminates the need for
expensive material handling equipment. Again,

the use of pressure permits the manufacture of
parts virtually unlimited in shape and contour. A
further advantage over contact malding is a greater
uniformity of finished part coupled with higher
production rates. The use of praformed or
preimpregnated reinforcement is almpst universal in
bag molding., Greater dimensional accuracy and
uniformity throeghout the fipished part are also
advantages when compared to contact molding.

Disadvantages, Bag molding does invelve more
equipment investment than contact melding althoupgh
this is gtill considerably less than for the
various press molding methods. Also, bag molding
is, perhaps, more difficult to master and requires
more aceurate conttol. Therefore, bag molding
usually requires the production of a sufficient
number of parta to make it feasible and economical.
Although strength, dimensional accuracy and
uniformity are greatly improved, these are still
not as good as rhose abtained with the various
pressure molded techniques.

Hateriaja Irsed

Release Agent. Comparable to thet for contact
molding. See Section 1.021., Common release
agents used in bag wolding include wax, ailicaone
compounds or film forming types.

Gel Coat. Cowmparable to that for contact molding.
See Sectlon 1,022, Gel coats are required in bag
melding particularly when che ffnal finish of the
end product is of prime importance.

AND TOOLING

10,023

10,024

10.025

10.026

10.027

10,028

10,03

10,031

10,032

10,033

10,034

Resin, Comparable to that for contact molding.

See Section 1,023. Since heat 1s often applied
duting curing, the need for an accelerated
catalyst system maybe eliminated. Although
commercially available resins in liquid or dry
forms are often used, the use of prepreg materlals
is more common in bag molding of aerospace vehicle
perts. All classes of thermoset resins may he used
in bag molding.

Reinforcement. Comparable te that for contact
wolding, See Section 1.024.

Premik. Comparable to that for contact moldiong.
See Section 1.025.

Preprag. The use of prepreg materials is becomming
by far the most common in both bag and pressure
molding processes, Further discussion of prepreg
materials will be found in the writeupd on press
nelding.
Precured. Not applicable.

Others, Comparable to that for contact molding,
See Sectiom 1.028.

Equipment Used

Lay-Up. Lay-up, or placement of materials in the
mold, is wsually accomplished by bhand which
requires such nominal equipment as that used for
contact molding, Since bag melding will commonly
involve use of prepreg materlals, the lay-up stage
will necessitate cutting, trimming and draping
{referred to as "taleoring"} of the material, thereby
requiring appropriate tools for same.

Molds, Bag molding involves the use of only one
mold which can be either male or female according
to which face of the finished part is required to
be smooth., ‘The mold 18 made from a wooden, metal
or plaster prototype, and can be fabricated from
any material of sufficient rigidity to maintain the
shape of the molding during impregnatioen and
curing. Weod, plaster, metal and teinforced plaatics
are all being used successfully. However, since
hat setting methods are usually employed, metal is
the most common mold material, The working surface
of the mold should be finished as smoothly as
poggible, since any Lmperfection will be evident on
the aurface of the final molding. Provision for
hearing the mold electrically or by steam is often
made. A very important feature of the mold set=-up
is adequate provision for clamping the bag (see
next section) in place in such a way as to assure

a complete seal permitting appropriate application
of vacyum or pressure as the case may be,

Presgure, The most important plece of equipment

in bag molding is the bag itself. The hag is
usually made of rubber, heavy plastic such as paly
vinyl aleohel or sim{lar flexible material which 1a
capable of helding pressure or vacuum., To most
cages the hag is actually = single layer of material
firmly clamped to the outside edges of the mold, In
certain cases the bag may be two layers of material,
surrounding the mold, which are sealed together
around the perimeter. For applicaticms of pressure,
the bag can be one flexible layer permanently
attached to a "xigid" layer. Assoclated with the
bag la appropriate equipment to provide and control
the vacuum or pressure involved, For production
rung, re-use of the bag may be a factor in the
selection of material for same.

Heating. Bag molding often involves heat during
curing. This wili icvolve ovens which can be
adequately controlled and which will provide
uniform heat distribution throughout the part.
Ccirculating hot alr ovens are often used., In
certain cases provision is made for heating the
mold itself with either steam, hot water, or
electricity.
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Other. Other equipment which may be necessary
includes jigs or forms to hold the laminated part

in shape after removal from the mold and during

post curing, transport and storage equipment, ete,
Storage equipment hecomes particularly importaot

if prepreg materials are stocked prior to use in the
bag molding process,

Process Description

Bag molding is sub-categorized into three processes
based on the method of applying the pressure as
follaws:

VB = Vacuum Bag
PB - Pressure Bag
AB = Autociave Bag

Each ¢ne of the above processes are desecribed
separately in the following sections:

VB = Section 11.0
PB =~ Sectien 12.0
AB - Section 17.0

Finishing. It is not one of the objectives of this
first edition to cover this topic fully.

Trimming
Machiping

Surfacing, The use of gel coats and plies of

gurface tissue, etc,, have been previously described.
Ir i3 important ro realize that many surface textures
er confipurations may be obtained with bag molding.

Coloring. The final molding can be palnted with
any of the usual surface coating finishes after
all traces of release agent have been removed. It
is often worthwhile to incorporate a pigment in the
resin, however too much pigmentation may result in
an inferior molding.
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PROCESS CODE VB
Vacuum Bag Molding
General

General Description., Vacuum bag molding is a
particular form of bag molding which warrants certain
discussion beyond that found in Scctieon 10,01. This
form of molding is quite similar to contact molding
except that pressure 1s exerted during cure creating
a more intimate contact between the part and the mold
and to force out entrapped air, The use of heat is
optional. The reinforcement is laid in the mold by
hand and is generally composed of cloth, chopped
fibers, or glass mat, either pre-impregnated with
resin (most common, perhaps) or untreated., If
untreated, it is wetted with a liquid resin applied
with a brush, spatula, or spray gun, A flexible
layer of impervious material is then placed over the
molding and sealed around its perimeter. The space
between this layer and the part being molded is then
evacuated creating a pressurc of up to approximately
one atmosphere thus removing entrapped air and forcing
intimate contact between fibers, filler and mold
surface, The molding is then allowed to curc at
room temperature or, more often, by the application
of heat. Tigure 11.011 illustrates a vacuum bag
molding before and after application of the vacuum.

To vacuum
Clamp
Gasket
//’ R/P lay-up
Flexible™ Mold
a, BEFORE VACUUM APPLICATION
To vacuum
- Clamp

Molded part

Flexible — [~— Molid

b. AFTER VACUUM APPLICATION

TYPICAL VACUUM BAG MOLDING BEFORE AND AFTER VACUUM
APPLTICATION (OWENS-CORNING FIBERGLASS CORP.)

Applications, See Section 10,012, Of the various bag
molding techniques, the vacuum bag process is perhaps
the most widely used for normal aerospace vehicle
parts,

Advantages and Disadvantages, See Section 10,013,

Materials Used. See Section 10,02,

Equipment Used, See Section 10.03,

Process Description

AND TOOLING

11.041

FIG., 1ll.U4la

FIG.

Lay-Up. The first step in producing a part by the
vacuum-bag method is to make certain that all foreign
matter is removed from the mold surface. A release
agent is then applied to the mold after which a gel
coat may be added when the final finish of the end
product is of prime importance, Either a dry or
preimpregnated glass reinforcement is now laid in

the mold, and sufficient layers placed in plied form
to produce the desired thickness. When the reinforce-
ment is dry, each layer can be wetted out individually
or the eatire complement of resin can be applied after
all the layers have becn positioned. A "bleeding"

material is then placed over the lay-up so that when

a vacuum is "pulled" the entrapped air can escape.
Fig, 11.041a illustrates placement of prepreg material
on a male mold,

A thoroughly saturated ply of glass cloth
is applied to the mold,

11.041b The flexible bag is sealed fully enclosing
the laminate and mold. Note the glass cloth
"bleeding" layers on the top and bottom and
the vacuum connections,
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11.041¢ Finished vacuuun bag laminate is shown with
its mold,
11,041 THREE TYPICAL STEPS IN VACUUM BAG

MOLDING PROCESS

Pressure and Temperature., Application of the vacuum
is accomplished by placing the bag over the entire
lay-up., The edges of the bag are ehld down by a hold-
down ring or clamping device, made to the outside
dimensions and contours of the mold, which seals off
the perimeter of the vacuum bag, It is advisable to
have the lay-up end at least 2 inches from the edge
of the hold~down ring so that a '"land" space exists
between it and the ring, allowing the air that is
trapped between the lay-up and the bag to escape to
the vacuum ports, As an alternate to the above, the
bag may entirely envelop the mold and the lay-up as
shown in Fig. 11.041b.

A vacuum pump is used to remove air from the layers

of reinforcing material, thereby utilizing atmospheric
pressure to force the bag down uniformly against the
entire surface of the lay-up. The entire lay-up and
bag are then placed in an oven at temperatures

ranging from 200 to 250°F or allowed to cure at room
temperature,

Vacuum
bag - vacuum drawn

mold

Autoc lave

FIG, 11,042 TYPICAL END VIEW OF AUTOCLAVE
WITH MOLD AND LAY-UP IN PLACE

11.043

11,044

11.05

Curing, If a heat-setting catalyst is employed, the
oven heat must be used to effect the cure, When the
part has been fully cured in accordance with pre-
determined curing times and temperatures, the bag is
removed and the part is taken from the mold, It has
been found advisable to place the part in a second
oven at a lower temperature (180°F for about 4 hr)
to effect a postcure, Fig. 11,041c illustrates a
typical finished part.

Other, Often the requirements of a part may call for
a void=free lamination. To accomplish this the lay-
up is hand spackled after the vacuum is applied but
before the external heat is applied. The hand
spackling helps remove the air and assists in the
wetting out of the glass reinforcement, A void-free
laminate has been found to possess the qualities of
greater compressive and flexural strength. Rein-
forced plastic parts made to government specifications
usually are required to be essentially void-free,

Finishing., See Section 10.05.
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PROGESS CODE FB
Pressure Bag Melding
General

General Description. Pressure bhag wolding i1s a
particular form of bag melding which warrants a
miniyum discussion beyond that found in Sections
10,01 and 11.01., This form of molding is the same
48 vacuum bag molding except that positive pressure
is applied via an Inflated "bag" mechanism rather
than by vacuum. The object of the pressure is, as

in VB, to create a more intimate contact between the
part and the mold and to force aut entrapped atir,
Again the use of heat during cure is optional. The
reinforcement is laid in the mold by hand and is
generally composed of cleth, chopped fibers, or glass
mat, either pra-impregnated with resin (moat common,
perhaps) or untreated. If untreated, it 1s wetted
with liquid regin applied with a brush, spatula or
spray gun., The "bag", formed by a flexibie layer

of impervious material, usually attached and sealed
to 2 rigid backup plate, is brought inte contact
with the part being molded and then inflated, The
pressure created, which may be greater than on atmos-
phere (the practical limit of vacuum bag molding),
forces intimate contact between fibers, filler and
nold surface, The malding is then allowed to cure at
toom temperature or, more often, by the applicatien
of heat. TFigwe 12.011 illustrates a pressure bag
molding before and after application of pressure.

Air pressure line

Backup plate

ooy o S S ] By, AN |

Tailored bag
{not inflated)

Clamps

a. BEFORE PRESSURE APPLICATION

air

Backup plate
Clamps

1

Tailored bag
{inflaced)

[ — 14
Melded part Mo

N

b. AFTER PRESSURE APPLICATION

FIG. 12,011 TYPICAL FRESSURE BAG MOLDING BEFORE AND AFTER

PRESSURE APPLICATION (OWENS~CORNING FIBERGLASS CORP.}
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12.013.1 Advantages, See Section 10.031.1. TPressure bag

12.02
12.03
12.04

12,041

12,042

12,043

12,044

12.05

molding permits higher pressures to be used where
greater dengiffcation than can be developed by
vacuum bag methods is required, O{mne definite
advantage of pressure bag molding is that a flextble
pressure bag may be inserted inside a "closed" part,
such as a tank or bottle, and inflated,

Materials Used. See Section 10,02,

Equipment Ysed. See Section 10,03,

Process Depcription

Lay=Up. See Section 11.041. The lay-up procedure
for pressure molding is the same as For vacuum
bag molding,

Pressyre and Temperature, Application of pressure
is accompliched by usa of the pressure '"bag" in one
of three ways which may be classified by the type of
bag used as follows: Flexibla bag, Semi-flexible
bag, and Pillow bag,

The "flexible bag" is fabricated entirely of flexible
impervious materlal tailored to form a "balloon" of
shape compatible with the mold when inflated., This
method is used with “encloaing" molds which eurround
hollow parts. The tacky ley-up is placed on the
inside surfacea of the mold and the deflated bag
inserted in the cavity, When inflated, the bag
forces the lay-up outward agsinst the incer surface
of the enclesing mold thua forming the tank or bottle
type structure, After cure, the bag may be deflated
end removed, Tn some cases, however, the bag may be
left in place forwing a liner for the inner surface
of the part.

The "semi~flexihle bag" is fabricated of one layer

of flexible material sealed to one layer of rigid
material, This is perhaps the most common of pressure
bag techniques and {s illuatrated in Fig. 12,011,

The flexible portion is tallored to conform to the
shape of the mold. While deflated, the rigid

"backing plate" is clamped to the mold perileter.

When inflated, the bag forcea the lay-up againat the
coutact surface of the mold,

The "pillew bag" is actually an adaptation of the
foregoing, In thia case a pillow shaped bag 1is
placed betwsen a rigid backup plate and the mold,

On inflation, the bag presses against both the lay-

up and the backup place creating the desired pressure.
This method i3 most effective for flat or slightly
contoured meldings.

Air pressure 18 usuzlly used to inflata the bag
forcing the lay=up uniformly againet the entire
surface of the mold. However, oll oxr water can also
e used to create the pressure, Unlike the vacuum
bag method where the maximum pressure applied is
limited to one atmosphere, the only limite to the
amount of presaure applied in this method are the
strength ¢f the bag and mold and the capacity of the
pressure system. Entrapped alr is forced out and a
dense molding produced.

The entire lay-up and bag are then placed in ar oven
or allowed to cure at room temperatute as in the
vacuum bag method.

Curing. See Section 11.043,

Other. See BSaction 11.044, The ability to appl,
greater pressures may often eliminate the neceesity
of hand spackling as required in the vacuum bag
method to assist in remgving air and wetting out of
the glass reinforcement.

Finishing, See Section 10,05.

lofl

12.012  Applicatfons, See Section 10,012,

12,413 Advantages and Disadvantages,
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PROCESS CODE AB 17.035

Autaclave Bag Molding 17.04

General 17.041

General Description., Aurcclave bag molding is a
patticular form of bag molding which warrants a
minimum discussion beyond that found in Sections

16.01 and 11.01, This form of molding Is the same

as vacuum bag molding except that positive pressure
is appiied in addition to the vacuum imposed, The
pressure is applied in an autoclave (actually a
pressure tank}, normally along with heat., Much
greater pressures are possible with this system than
with either ¥B or PB previously described. Therefore,
the density of the finished part {s considerably
increased and the possibility of volds in the laminate
correspondingly decreased, The general description
of rhe process is identical with that Eor vacuum bag
molding (Section 11,011) except that after drawing
the vacuum the mold, lay-up and bag are placed in the
autoclave. The autoclave is clesed and pressure
introduced by steam or air simultaneocusly with
application of heat,

17,042

17.043

Applicationg. See Sectlens 10,012 and 11.012,

Advantages and Disadvantages

Advaptages, See Seccion 10,131,1, Autoeclave bag
molding has the added advancape of greater applied
pressure and increased cycling of the molds since
cure time is reduced by simultaneous application of
heat and pregsure, Improved strength, higher density
and decreased voids are alsc advantages over the
vacuum bag or pressure bag techniques.

17.044

Disadvantages. See Section 10.131.2, A censideratle
disadvantage is introduced by the equipment needed.
The autoclave must be of sufficient capacity to
handle the wmglds planned, Also the expense of not
only the autoclave itseif but also its operation
must be taken inco account. Multiple molds may be
desireable to use the process advantageously, but
they necessitate addicional capital investment.

17.05

Materialg Used, See Section 10.02.

Equipment Used.

Lay=Up., BSee Section 10,031,

Molds. See Section 10,032,

Pressure. See Section 10,033, In addition to the
bag and vacuum system digcussed in the reference
section, this preocess requires additional equipment,
namely the autoclave and appropriate auxillary
pressure supply and control, The autcclave is, in
effect, a pressure chamber openable at one end to
pernit introduction of the mold and lay-up, 4ll
slzes are 1n commercial use dependent entirely upon
the size of the molds in production and the practical
limitations of physical space. Applied pressures of
from 30 to 60 psi are cormon although greater
pressures can be and are used quite often, Larger
autoclaves are eguipped with tracks and dollies to
permit greater ease in transporting the molds into
and out of the chamber, Production line "set=ups'
can be achieved by making the autoclave openable

at both ends permitting introduction and discharge
of molds simultanesusly, Accurate pressure control
is essentlal and fr is suggested that pressure
histories be recorded for each cycle.

Heating. See Section 10,034, Autoclave bag molding
almost glways incerporates application of heat
aimultaneously with pressure, If steam is used to
create pressure, it may also bhe used to introduce the
heat necessary, Otherwise, various heat sources must
be incorporated in the autoclave design. Again,
accurate temperature control is essential, and, as
with pressure, it i3 suggested chat temperature
histories be recorded for each cycile,
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Other., See Bection 10.03%,

Process Desexiption

Lay-Up. Sec Section 11,041,

Pressure and Temperature. See Section 11,042,

The autoclave molding method is a variation of the
vacuum=bag process which utilizes steam or air as a
source of pressure on the lay-up material after the
vacuum has been drawn, The mold and lay-up are
placed in an autoclave, which 1s a round or cylindfi-
cal container in which heat and pressurs can be
applied simultanecusly, where pressure 1s built up
with the vagcuum still applied te the bag. This
cambination of vacuum and pressure results in a
substantial inerease in the force exerted on the
lay=up. Therefore, parts made by this method

usually have a low void content, resulting in a

good strength~welght ratic. Appropriate temperatures
are introduced simultaneously with the pressure to
initiate and, citen, complete the curing necessary.
Fig, 11,042 illustrates a typical meld and lay=up

in place within an autoclave.

Curing. BSee Seection 11.043, Most often the lay=up
is kept in the autoclave a predetermined amount of
time and then removed before cure is complete. In
this case, it is removed and placed in an oven either
in its meld with vacuum applied or after removal of
the bag and separated from the mold. The oven cycle
will complete rhe cure in the first case or effect a
post cure in the second case, as desired,

Other. See Section 11,044. The ability to apply
greater pressures way coften eliminate the necessity
of hand spackling as reguired in the vacuum bag
process to assist in removing air and wetring out of
the glass reinforcement,

Finishipng. See Section 10,03,
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PROCESS CODE  FPM
Preaa Molding
General

General Description. Press melding, &s the name
indicates, invelves the application of pressure to
the lay-up by mecahnical means in contrast ta bag
melding previcusly discussed. This process involives
the use of rigid molds which mateh, or conform to,
the dimensions of all surfaces of the finished piece.
Thie generally involves two dies: the male plug or
foree and the female or cavity, Some more complex
moldings may involve diesa containing cam-activated
inserts or split sections te mold upndercut sections
which could not be formed on simple two-piece molds,
Although matched molds can be formed from plaster,
plagtic or low melting alioys, the process is
principally used for volume prodection with metal
molds which can be intermally heated. They are

used to compresa molding resins and fillers at
pressures varying from 50 to 2000 psi and higher.
Molding presses are required to develop these
pressures and handle the dies on rapld cycles, The
materials, which may be placed into the mold in a
varlaety of ways, are forced to the mold shape and
compressed as the press closes, Temperature is
applied simultaneously with pressure to effect
curing.

Press molding c<an be sub-categorized inte several
processesa based on the pressure application procedure,
namely; Press Molding, Press Molding - (ontact
Prassure, Preas Molding - Against Stops, Press
Holding - High Pressure, and Continuous Press Mclding.
The firet of these, being the most general, will be
digcussed in this section and the other variations in
subsequent sections.

Applications, Dress molding is perhaps the most
widely used process where mass production aof rein-
forced plastic parts 1s required, This method is

used quite often for manufacturing parts for aero-
space vehicles, particularly when accuracy, uniformity
and large numbers are required, Other applications
include the boat industry, chairs, duet work, tool
handles and the like.

Advantages and Disadvantages.

Advaptages, In general, press molding permits the

use of fast production cycles under uniform conditions
which give optimum results in quality of the finished
part and low production costs for runs involving a
large nuwmber of unlts. The principal advantages of
thie procesa include: wmolding with high glass or
other reinforcing contents; good finish on two
surfaces; high density and resulting increased
strength; reproducibility of dimensions, properties
and appearance; minimum trimming of parts; high
production rates with relatively low rejection
percentage and scrap loss; leas skilled labor
required; and lower cost per unit for larger
production runs. Certain advantages of the variations
an thia method will be discussed where more
appropriate.

Disadvantages. The single preatest disadvantage ta
press mwolding is the tooling cest tnvolved, Included
in this cost is that for the molda themselves which
must be very precise, the prespes required, various
auxiliary equipment required, and phyaical space
necessary. The foregoing will generally prohibit the
use of this process for shott or limited rupe of
producta.

Materials Used

Release Agent., See Section 1,021, As with other
processea for molding reinforced plastic parts, a
release agent may be used. This is often in the
form of sheet material for press molding rather than
hand coating. Often, however, with highly polished
molds of appropriate materfal, the release agent
may be omitted,

AND TOOLING

20,022 Gel Coat. GSee Section 1.022. In press molding, the
degired effect of a gel coat 1s worked into the sur-

face layers cof the laminate or molding itself,

Resin., See Section 1.023. Resin characteriaticd
are comparable te those required for other prdcesses
previously discusssed with minor variations necessary
to adapt them to the press molding technique. The
press molding method permits the use of such thermo~
set resins ag epoxies, phenolics and silicones

which may not lend themselves to other processes
because of thelr inherent curing characteristics.

A large number of structural parts for the aero-
space Lndustry use resins in various pre-impregnated
forms rather than in liquid form. Resins in dry
powdered form are readily applicable to the press
molding proceds.

20,023

20.024 Reinforeement

20,024.1 The requirements of the reinforcement system for use
in various press molding processes will vary
considerably to conform to the particular hamiling
problems Lnvolved and the desired shape and

physical properties of the finished product, (See
Sectfon 1.024,1} For atructural applicatioms,

glass relnforcing in such forms as cloth, chopped
fiber, mat, etc. are most commonly uweed in press
molding. However, asbestos reinforcing has baen used
and fibrous graphite is under experimentation.
Commerically available reinforcements may be applied
in dry condition or pre-impregnated with resin or in
various preform or premix conditiona. Since the use
of "preformed" reinforcement is very common in the
various preas molding processes it is discussed in
detall in the following sectiom.

20,024,2 Preforms consist of chopped glass fibers which are
c¢ollected in a chamber on a preform screen shaped to
match the mold to be used. There are three basic
methods of making preforma: Plenum Chauber,
Directed Fiber, and Water Slurry.

a) In the "plenum chamber method", chepped glass
fibers {1 to 2 in, long) are introduced into a
plenum chamber as shown in Fig, 20.024.2a, A
vacuum drays the fibers onto z perforated asteel-
mesh "preform” screen mold, which is rotated
on & turntable. The chopped glass is pulled
down evenly sround the screen by means of the
vacuum at the lower part of the chamber. The
quantity of glass deposited is cantrolled by a
timing device connected to the roving feed
mechanism. When the required amount of glasa has
been deposited on the preform screen, a binder,
efther a starch-water mixture of a modified resia,

Roving cutter

=
AL_ Plenum
chamber

', o

% Binder

Adjustable - spray
ports Preform
screen
Turntable
Alr
Controls —-8 exhaust
Fan e
|

FIG. 20,024.2a SCHEMATIC OF THE PLENIM CHAMBER
METHOD OF FRODUCING PREFORMS {(COWENS-~CORNING FIBERGLASS CORP.)
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18 sprayed onto the preform aither by means

of a nozzle fitted intc the plenum chamber

or by hand after removing the preform from the
chamber. The preform is then placed 1o an oven
to cure the binder after which it 18 removed and
gtored preparatory to the molding process. The
entire preforming operation may require 8 to 10
minutes,

The "directed fiber metheod" is employed when
preforms of larger size than can be comveniently
handled in the plenum=-chamber machine are
required, For these larger preforma it is more
practicable to mount the scresen perpendicularly
and blow the chopped glass rovings onte it
through large hoses as shown in Fig. 20.024.2b.
Since it ia impractical to move the screen and
preform into an oven, the oven itself may be so
consttucted that it can be lowered over the
entire set-up.

Flexible
hose

Revin
cutter

Roving

\\- Alr flow baffile

— Blower

FIG. 20,024,2b SCHEMATIC OF THE DIRECTED FIBER METHOD OF
PRODUCING PREFORMS (OWENE~CORNING FIBERGLASS CCRP.)

c}

More recently the 'water slurry method” has been
used to produce preforms as shown in Fig, 20,024,
2z, This process is similar to that used in the
pulp-molding industry ot in the making of slurry
plasters, Chopped gzlasa fibers are suspended

in an emulsion c¢ontaining cellulosic fibers in a
spacially constructed tank having an agitator
and & telescoping pipe and ram for ralsing and
lowering the preforn screen, The glass fibers
are deposited on the screen as water ls removed
from the bottom of the tank after which the
acreen is raised and excess water is sucked out
of the preform. The moat satisfactory results
are cbtained with 2 ratlo of BC percent glaas
fibaeta to 20 percent of cellulaaic fibers. The
water slurry methed requires a higher cepltal
investment than the plenum chamber or directed
fiber methods, but Ls faster and mere automatic,
as well as belog better suited to the forming of
intricate shapes or preforms having variahle wall
thicknesses,

TOOLING

Preform screen

(raised) Fiber slurry

Agitator

|~ Pre-
form
screen

(lowered)

pipe and ram

Water
pipe

FI6. 20.024,2c SCHEMATIC OF THE WATER SLURRY METEOD OF

20.025

20.025.1

20,025.2

20,025,3

PRODUCING PREFORMS (OWENS-CORNING FIBERGLASS CORP.)

Premix. Mixtures of resin and reinforcement
combined prier to placement in the mold are

called premixes and are often used in press

melding.

Premixes, which are often called "gunk", '"goop" or
"slurry", involve the mixing of a combination of
glass fibers and catalyzed resins with suitable
fillers, in a dough=-type mixer. The rasulting
material varies from a putty te a straw like mass
depending on the type and proportion of ingredients
used, A single "charge” of this mass is used in
the press molding process,

There 18 no premix formulation which can be considered
a8 a standard for all applications or resins. The
gpecific requivements with respect to molding
characteristics and cured properties muet be consid-
ered for each application. Tikewise a formulaticn
which works well with one resin may have to he modi-
fied slightly if another is substituted. The
formulation of premix molding compounds has become
such a complex problem that many molders prefer to
buy premfxes maoufactured by firms specilalizing in
this field rather than mixing their own.

The equipment used in compounding premix molding
compogitions Is extremely important sioce the
pracedure used contrals the general type aod

quality of the compound which can be prepared, It
is most important, for example, not to bresk dowm
the strands of glass inte individual fibers or other-
wise weaken tha fiber reinforcement. Most general-
purpose compounds are made by the bateh process in

a algma or spiral blade mixer, The sequence of
mixing the various components and the over-all time
of mixing are eritical, The mixed compound 1s
frequently fed through an extruder to prepare
sausage-like lengths of materizl which can be easily
handled and cut te individual mold charges. In some
high volume operations continuous operating mixing-
extruders are used to prepare premixes,

T R T Y S

R e A ST A S M Y B T

SRS

B e

g




20,025,4

20,025,5

20.026

20.026.1

PROCESSES

Premixes are widely used for the manufacture of lower-
cost reinforced plastic products, For small parts
or larger shaped sections which de not require maxi-
mum physical properties, the use of premixes gives
high production rates with relatively low cost
molding material., Because the premix compound flows
as a homogeneous mass there is little tendeuncy to
form resin-rich area which are often the cause of
crazing in mat and preform molding. This allows
higher molding temperatures and shorter curing
cycles, 1In addition, it is possible to mold more
intricate shapes with varying wall thickness and
molded-in inserts., By varying the formulation of
the premix compound, it is possible to medify its
properties with respect to such factors as cost,
shelf life, flow, cure time, woisture absorption,
color, heat resistance, electrical properties,
strength, and surface finish.

The principle limitation in using premix for press
molding is the decrcased strength of the final part
when compared to the results obtained by using mat,
preform or prepreg material, This is caused by the
necessity of using lower concentrations of shorter
fibers to obtain proper flow. 1In the coursc of
flowing within the closed mold, these shorter fibers
develop planes of weakness which seldom occur in mat
or preform molding where longer strands of glass are
laid down in a random pattern.

Prepreg. ''Prepregs', which are actually a special
form of premixes, involve the combining of resin and
reinforcement in such a way as to produce a semi-

dry to dry material which may be readily stored prior
to use or immediately used in the press molding
process.

As the name implies, the glass or other reinforce-
ment is impregnated with a catalyzed resin. The
most common forms of the reinforcing are mat,
roving, woven fiber, and woven rovinrg, the latrer
two being most freqeuntly used, perhaps, in structural
applications. The resin is partially cured into the
so called "B-stage". The operation of impregnating
the reinforcing with the compounded resin mixturc at
the press is somewhat messy and time-consuming
particularly when only a limited number of small
parts are to be produced. 1In such cases there is
some advantage in preimpregnating the layers of
reinforcement with the compounded resin beforehand
and working with only the prelupregnated sheet at
the press, Fig. 20,026.1 illustrates hand preimpre-
gnation of glass mat just prior to use in a press
molded process. Many manufaclurers currently
specialize in producing prepreg material using all
combinations of resins and reinforcements.

FIG. 20,026,1 PREDRMPREGNATION OF GLASS MAT BY HAND JUST

PRIOR TO PRESS MOLDING (LUNN LAMINATES)

AND TOOLING

20,026,2

20,026,3

20.026.4

20.026,5

20.027

20.029

In prepreg molding, all resin calculations, mixing,
and applying are eliminated, resulting in time and
labor-savings. The resin systems used for pre-preg
molding involve either spccial formulation of the
base resin or special compounding of several resins
to give the handling characteristics required. The
following basic characteristics generally apply to
resins for prepreg:

a, Liquid Characteristics. A high viscosity or
solid resin, or one which can be compounded with
fillers to give a dry to slightly tacky feel
after impregnation into the reinforcing fibers.
In some cases the resin system is applied from
solvent or as a hot melt, and higher boiling
monomers than styrene are sometimes used.
Special inhibitor systems are often necessary to
give prolonged storage life.

b, Curing Characteristics, Molding cycles of 3 to
8 minutes in press at 200 to 270F with cure
completed by time part ccools to room temperature,
Freedom from crazing in resin rich areas,

¢, (Cured Properties, Semi-rigid to rigid with good
hot strength to permit demolding without rupture
or mold scumming., High uniform gloss with
minimum development of surface fiber pattern as
part cools, Strong adhesfon to the reinforcing
fibers is essential for high strength parts,

Prepreg materials are widely used in the production
of structural reinforced plastics for aerospace
vehicles in particular, Processing variables, with
respect to the materials involved, are reduced to a
minimum, Mass production techniques are readily
applicable when prepregs are used,

Although prepreg cloth or roving is perhaps most
common in processing structural parts, several
innovations have been made by the prepreg industry.
Preimpregnated cloth is often chopped into small
squares with sizes ranging from 1/4 inch to over
several inches, A specific amount of these squares,
often called "wheat chex", are put into the mold as
the material charge. & widely used application of
this system is for producing such contoured parts as
nose cones and exit nozzles, The same process can
be achieved by using preimpregnated roving, usually
flat tape, which is chopped into squares,

Perhaps the single biggest advantage of using
preimpregnated materials is the ability to vary the
reinforcing used in successive plies of the lay-up.
Both the type or style of reinforcing and {ts
orientarion can be varied to meet virtually any
design requirement,

Precured. Because of the high pressure and
temperature available in the press molding process,
it is possible to laminate a number of layers of
precured material into one molding. Sometimes a thin
layer of adhesive is placed between each ply of the
precured material, More often fusion may be accom-
plished by pressure and heat, The term 'precured"
may be a misnomer in that the material used is most
often almost but not completely cured, The final
curing takes place along with the fusion while in the
press, The largest application of this process is

in producing thick flat or slightly curved sheet
material having high strength and good dimensional
stability.

Others., Certain additives may be used in the press
molding process to impart desired characteristics
such as color, durability, temperature resistance,
and the like, to the finished product, or to
influence cure or other phases of the production.
These will depend entirely on the basic materials
used and the desired results., The important thing
to realize 1s that such additives do increase the
flexibility inherent in "tailor making' reinforced
plastic parts.
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20,031

20.032

20,033

20,034

20,035

20,04

20,041

20,041.1

PROCESSES

Equipment Used

Lay-Up. The equipment used for lay-up, or placement
of materials in the mold, will depend upon the
materials themselves. The most common procedures

use preforms (previously discussed) or prepregs. The
only equipment needed, other than for producing the
materials, would be trimming or tailoring tools (for
prepregs) and appropriate transportation and holding
stacks.

Molds, The molds are usually made from steel, cast
iron or aluminum in matched pairs. Chromeplated
steel dies are preferred for best results from the
standpoint of surface finish, ease of release and
durability. Molds are normally designed with close-
fitting, hardened shear edges to contain the resin

in the mold and to trim excess fibers which may over-
hang the area of the finished part, Stainless steel
sheets are often used for molding flat parts. The
male and female molds are usually made with provision
for internal heating, The molds are often equipped
with compressed air vents which assist in releasing
the finished part from the mold,

Pressure, The presses reoquired for the press molding
process vary considerably, Their capacity require-
ments are directly depender* upon the size molds

and curing characteristics involved. Most presses
are the vertical hydraulic type. Closure speed and
pressure controls must be very accurate as both

will influence the finished part. Operating pressures
of from 50 psi to over 2000 psi are encountered in
this process, A well equipped production plant will
usually have a considerable number of presses having
a variety of physicel and pressure capacities. All
accessory equipment for the press operation and
control must be provided, of course. Due to the
critical effect of pressure on the final product,
automatic pressure recorders are often incorporated
in the system.

Heating. Heat is applied aimultaneously with
pressure during the process via internal heating of
the molds by steam, hot fluids or electrical strip
heaters, It is common to also heat the press
platens to reduce the heat flow away from the molds
and to assist in providing better temperature
control, Tt is alsc possible, though perhaps not
done too often, to enclose the majority of the press
in a surrounding oven, especially for small part
production, The temperatures required in press
molding will vary from 100F to 200F up to 500F or
more. Since the temperature applied greatly effects
the finished part, automatic temperature recorders
are often incorporated in the system.

Post curing is accomplished in standard ovens as

in previously described processes.

Other. Other equipment which may be necessary
includes jigs or forms to hold the finished part
of the preforms, etc. in shape, transport and
storage equipment, etc.

Process Description. The basic press molding process
will be discussed in this section and certain
vartations covered in subsequent sections as
indicated in 20,011,

Lay-Up

Prior to lay-up of materials into the mold, certain
preliminary steps must be followed. By far the most
important of these is the thorough cleaning and
polishing of the mold and contact surfaces as
illustrated in Fig, 20,041,1. If any release agents
or gel coats are required, they would be applied
after cleaning,

The actual lay-up of the materials is most easily
discussed in relation to the form these materials
are in., The following categories will be discussed:
Individual, Preform, Premix, Prepreg, and Precured,

AND

TOOLING

FIG, 20,041,1 POLISHING THE MALE HALF OF A MOLD PRIOR TO

20.041.2

20,041.3

PLACING LAY-UP IN A PRESS MOLDING OPERATION
(LUNN LAMINATES)

"Individual” material lay-up involves the placement
of dry reinforcing in the mold and then applying the
resin in dry or liquid form. Any tailoring of the
reinforcement is done at the mold. Since this method
reduces production rates, it is very seldom used
except, perhaps, where flat or slightly contoured
parts are beilng produced. The use of preforms is
much preferred,

"Preforms' (see Section 20,024) are very easy to
handle, The preshaped reinforcement is placed on or
in the mold and the resin added in dry or liquid form,
Figs. 20.041.,3a and b illustrate the placement of
preformed mat reinforcement on the male mold and the
addition of a previously measured amount of liquid
resin. The preforms can be made from a wide variety
of reinforcing materials including glass, asbestos
and graphite, Since press molding applies high
pressure, the resin will be forced throughout the
preform and therefore preliminary distribution of it
is usually unnecessary,

FIG. 20.041,3a

PLACEMENT OF MAT PREFORM INTO POSITION ON THE
MOLD IN A PRESS MOLDING OPFRATION (LUNN
LAMTNATES)
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matched dies are also of utmost importance in the 5 of 6
quality of the finished product. The initial

closing of the press can be that of the speed of the

press until the last half-inch or so of closing.

At this point, in the case of preforms particularly,

the press should be slowed down considerably to allow

gufficient time for the resin to flow and wet out the

reinforcing completely before the heat from the molds

begina to cure the resin,

20,042.3 For general press molding pressures up to several
hundred pounds per square inch are used. The amount
of pressure will be dependent on the type of rein-
forcing and regin being used and the requirements for
the finished product, The amount of pressure will
also determine the thickness and density of the
finished part. A number of variations in the process
may be introduced to further control these variables.
Because of the importance and use of these variations,
they are classified separately and discussed in later
sections of this Manual. They include the use of
stops, contact pressure and high pressure,

20,042.4 The temperature applicd during press molding will
depend greatly on the flow and cure properties of the
material used, Temperatures of 200F to 250F are
common but up to 400F or more may be used when

FIG. 20,041,3b A MEASURED AMOUNT OF RESIN IS ADDED TO THE required, The heat applied will cure the thermoset
PREVIOQUSLY PLACED PREFORM IN A PRESS MOLDING resin involved,
OPERATTON (LUNN LAMINATES) 20,042,5 To illustrate the general process of Press Molding,

Fig. 20.042,5 shows a schematic of the process using
a premix for the mold charge. Note that the premix
20,041,4 "Premix" (see Section 20.025) materials are flows to the extremities of the mold as it is compre~
measured into a specific quantity known as a charge, ssed during closing of the press,
The liquid or semi-liquid charge is usually placed
into the female mold, On closing the press, the
premix is forced into the contours of the mold itself.

Premixes are easier to handle in some respects since nggs

no measurements of resin and reinforcement quantities

are required. However, since only chopped fibers L/’ / Press
are usually available and higher resin contents are platten

required, the desired strength of the finished part
may be impared.

20.041.5 ‘'prepreg' (see Section 20.026) combines the advantages

of premix with the fact that they are more easily N
handled. Again no measurements of resin and rein- \\\\_
Male mold

forcement are required as this is previously done.
The prepreg material may be tailored to the shape

of the mold at the press or, more frequently for the
sake of faster production, cut to size and even
preformed prior to placement in the mold. The actual
lay-up, then, is similar to that for preforms except
no addition of resin is necessary. Virtually any
style or composition of reinforcement may be secured
impregnated with almost any of the common thermoset
resins, The use of prepregs is clean and precise.
In laying up prepreg materials, careful attention
must be paid to the direction of the reinforcing
fibers in each layer,

Guide pins

d
Mgémégﬁnd

| — Female mold

Press

Chopped prepreg cloth or roving is layed-up in much platten

the same manner as premix, A specific amount of P\ Aj\:\\\\

material is "charged" into the mold, The application a. Before Applying Pressure

of pressure with heat forces the chopped squarcs

into the contours of the mold.
20,041,6 'Mprecures' are handled in lay-up in & manner similar Press

to prepregs. Layers of appropriate precured material ram Press

are precut to size and stacked in the mold, Each o~ latten

layer may actually consist of a number of plies of l// - P

reinforcing. Since precures are usually relatively

stiff they are normally only used for flat or slightly

curved laminated parts. As with prepregs, the Lo~ Male mold

directional orientation of each layer of precure may

be very critical, Molded part
20,042 Pressure and Temperature

¥ //f}/

20,042,1 Once lay-up is completed, the press is activated and ,43 . A

the two halves of the mold brought together, : // = N 7 - Female mold

Simultaneously, or shortly after closing, heat is //' 'l ol

applied. //’Z/ e ) //

e 4 as

20,042,2 The rate of closing is quite eritical in press mold- ‘ #'// e 4 g;ﬁtten

ing since the material must be allowed to "flow" F\~ ‘\
into the contours of the mold as the pressure is
applied. The rate and degree of closure of the

b. After Applying Pressure

FIG. 20,042.5 SCHEMATIC OF TYPICAL PRESS MOLDING USING PREMIX
MATERIAL (OWENS~CORNING FIBERGLASS CORP.)
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20,042.6 After cure 1a as complete as required In the

20.043

20,05

20.051
20,052

20,053

20,054

20.055

particular operaticn, finished parts may be

removed by compressed alr when the releazse is
relatively easy to accomplish, When the release is
more difficult, it ts frequently necessary to
maintain different temperatures on both male and
female halves of the molds so chat the coefficient
of expansion differential will aid in accomplishing
the release, In addition, mold-release agents
camposed of silicones or waxes are often required.

Curing, Cute takes place during the molding
operation as a result of the pressure and temperature
applied, However, it 18 cften desirable to post

cute press molded parts to assure thelr meeting
design reguirements, This is done Iin standard

avens, Although the pert is cured before placing

it in the oven, it may be desireable te hold it

in gome simple jig to limlt possible warping

during the post cure.

Pinishing, It is not one of the objectives of this
firat edition to cover this topic fully.

Trimming
Machintng

Surfacing, Press molding will produce very smooth
surfaces which faithfully reproduce the contours of
the molds, The use of gel coats apd plies of surface
timaue, ete,, have been previously deacribed under
contact and bag wolding, However, they will not
vsually be required in press molding. Tt is
important to realize that virtually any surface
texture or configuration may be obtained with

press molding.

Colering, The final molding can be painted with
any ¢f the usval surface coating finlshes after all
traces of release agent, if wsed, hawve been removed,
It is often worthwhile vte incorporate a pigment in
the resin, however too much plgmentation mzy result
in an inferior molding.

Attachments

TOOLING
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PROCESS CODE PM~C

Press Molding - Contact Pressure
(See alsa Section 20.0)

General

Genetal Description., This 18 a variation of the
press molding process described {in Section 20,011,
In this process the molds are brewght inte contact
with the lay-up and no additional preasure is
applied, Ttems not specifically discussed herein
will be found under Process Code PM.

Applications. The primary application of this
variation on the press molding pracese is where
excessive pressures may be detrimental or unneceseary
with respect to the finished part,

Advantages and Disadvantages

Advantages, One possible advantage to this method
is that premixes may flow more readily with out the
high pressure involved in other mechods.
Disadvantages, The principal disadvantages are
decrease in aceuracy of thickness, lower densities

and lower strengths.

Materials Used. See Section 20.02,

Equipment lsed. See Section 20,03,

Process Description. See Section 20.04. The only
variation here 1a that the press 1s clesed only until
contact with the lay-up is made. Cycle times for
curing may be increased as a result.

Finishing. See Section 20.03,



22.01

22.011

22,012

22,013

22,013.1

22,013.2

22.02
22,03

22.04

22,05

PROCESSES

PROCESS CODE PM-~5

Press Meolding - Against Stopa
(See also Section 20,0)
general

General Demcription. This is a varlation of the
press molding process described in Section 20.011.
In thia process shims or stops are placed between
the molds to liwit their closure and therby limit
the thickness of the finished part. Item not
specifically discussed herein will be found under
Process Code PM.

Applications, Press molding - contact pressure is
used where the thickness of a part is critical acd
must be carefully cantrolled,

Advantages and Disadvantages

Advantages, As Indicated, the principal advantage
of this process 1s the accurate cantrol of the part
thickness.

Dinadvantages. Since thickness will be controlled by
the mold, the amount of material charged will contrel
the density of the finilshed part. As previously
emphasized a decresse in denaity will usually be
accompanied by a decrease in strength.

Materials Used, See Section 20,02,

Equipwent Used, See Section 20.03.

Process Description. See Sectiomr 20.04, The only
variastion here {s that the press closes the molds
zgainat spacer stops. Thig, Lo effect, controls

the thickness of the finished part. The quantity

of material put inta the lay-up may be very critical
iu this process because of demsity consideratlons.
Fig. 22.04 achematically shows preas molding

againat stops hefore and after closing the molds.

Finishing. See Section 20,05.

AND TOOLING
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PROCESS CODE PM-H
Press Molding - High Pressure

(See also Section 20,0)

General 23.042,2

Genetal Description, This 18 a variation of the
press molding proceas deacribed {n Section 20,011,
The entire process 13 the same as the general M
process except that very bigh pressures, from 500 ro
2000 pal, or more, are ugsed. TItems not specifically
discussed herein will be found under Process Code OM,

Application, Press molding - high presaure is used
for several important reasons two of which are;

to create very high dersity in the finished part and
to assure highly accurate conformation to coutour and
telerances. This method is also often used inm
producing parts, particularly sheet, from prepreg,
especially '"wheat chex", and precured materials since
the higher presaures force more iptimate contact
hetween the layers of material and, therafore, a more
uniform material compeosition, Common applications of
high pressure press molding include radomes, nose
cones, exit nozzles and the like,

23,042.3

Adventages and Disadvantages 23.042,4

Advantages., As Indicated, the principal advantages
of this process are the inerease in density and the
improvement of dimensional accuracy, The former
induces Increased stvength of the part as well as
reducing the probabilities of such things as
delamination. High pressure molding may he the only
way to produce multilayer laminatee in many casas.

Disadvantages, The primary disadvantages to this
process are the equipment requirementa introduced
by the high pressure spplication, Press capacity
and mold ptreagth and constructieon hecome very
important, Care must alsc be exercised in
selecting matervials and process sequence to avold
the posaibility of “crushing” the reinforcing fibers
and causing similar detrimental effects,

23.042,5

23,05

Materials Used. See Section 20,02

For press melding - high pressure the prepreg and
precured materials are wost commenly used for aero=-
gpace vehicle epplicationa.

Equipment Vsed. See Section 20,03,

In msking sheet-form laminates the platten pregses
used are heated elther by steam or by electric
current, Electrically heated pressea are usually
confined to the manufacture of silicome laminates,
where they provide precisely controlled curing
temperatures, resulting in cleaner, flatter, and
warp~free sheets. Temperatures and pressures
average about 300 to 350F to 1000 to 1200 psi,
depending on the nature of the filler material, the
resin employed and the thickneas of the fipal sheet.

Procesd Description. See Section 20.04.

In general, the only variztionm here is the amount of
pressure, which may range up to 2000 psi or more,
applied to the lay-up, No spacer stops or shims

are used normally, Control of the pressure and the
rate of increase to full pressuxe may be quite
critical and should be carefully monitored,

The proceas used to produce laminated sheat
material warrants some additional discusslon here.

The individual sheets or plies of prepreg are
Yatacked" to a height which will reault in the
required thickness of the finished laminate, By
varying the type of coated base sheets, a wide range
of characteristics can be bullt into the laminate.

The unfused or unbonded stack is placed between staip~-
less steel end-sheets, approximately the same size as

the fndividual layers, and the entire package placed
as a unit between the heated platens of a vertical=-
actirg multie-opening platen prese. The presg is
cloged and heat and pressure applied,

The resin in the bage material, which begins the

¢ycle in the thermoplastic state, graduzlly fuses

the individual sheets together as the heat is

applied and becomes thermosetting, The heat-pressure
cycla may be as short as 1/2 hr or as lomg as 4, 8

or even 12 hr, depending, as before, on the resin,
base material, and other factors such as press loading,
thickness (number of sheets), and type of cure '
required for the particular application,

It should be noted that in the mauufacture of high=
pressure laminates no additional adheslve or bonding
agent is required beyond that provided by the resin
itself. The resin on the outside of each layer fuses
with the resin coating on adjoining layers, as well
as with the resin that has penetrated each ply in
Intimate contact with the molecules of the fibers in
the base materisl. The vresult 18 a dense, solid,
virtually homogenecus slab of predetermined thickness
which will not separate or delaminate unless sub=
jected to severe abuse or misapplication.

After fugion of the resin is accomplished, and the
resin has become thermoset, thare is an additional
type of curing vequired which iz analogous to the
annealing of glasy and other ceramics. The “raw”
lawipate cannot be immediately removed from the
preas and allowed to cool rapldly in air since
embrittlement of the surface layers would occur,
perhaps accompanied by warpage or buckling, As with
newly cast or molded glass, lsminated plastic
materials must be slowly cooled by a gradual reduction
of the heat and pressure to ambient condftions.

When curing fe complete the laminated sheets are rough
fielshed to remove flashings (leminate or resin
aqueezed out along the adges of the platens), trimmed
to size, and otherwise prepared for final machining
and finishing opevations,

Finishing, See Section 20,05,
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PROCESSES AND TOOLING

PROCESS CODE -~ CPM
Cotttinuoua Process Molding
General

General Description. Continuous press molding
involves the following general operationa:

1. impregnation, 2, <conbining, 3, curing, and

4, finishfing, The first etep imvelves the resin's
dissolutiooment in a suitable sclvent to form a
spirit varnish with which the filler is impregnated
or coated by one of several processes, (me
tachnique, graphically described as the dip-and-
scrape method, controls the final reain content of
the filler by the resin concentration in the
impregnating bath, Another method utilizes a pair
of adjustable squeeze rolls or a doctor blade to
contral the amount of reain left on the coated web,
A third method employe & seriea of roll coaters
which meter the resin onto the web as it passes
between the rolls. After Lupregnation, the wet wed
passes through a drying and curing ovan which drives
off the solvent and cures the resincus binder.

Application. The continuoup press molding ptocesa
i8 used to produce decorative and structural
laminates, Although most of atructural material is
flat sheet other contours, either perpendicular or
parallel to the length of tha sheet, are possible.
One such example is the production of the familiar
corrugated sheeting, Other uses include electrical
insulation,. fuel cell backing board for supporting
structures around self-sealing gas tanks in military
aircraft, and in phototemplate work where dimensionally
stable drawings for large size layout work are
required.

Advantages and Disadvantages

Advantageg. The greatest single advantage of
continuoue press molding is the economy of fully
automated production tuns for large volume output.
With adequate programming and contrel, conaistent
unilfermity may be achleved.

Disadvantages, One obvious potential disadvantage

of this process is the cost of the equipment involved.
oOther pessible disadvantages are the potential size
limitations, The finished laminates are usually
limited co 54 inches in width and 0.10 inch maximum
in thickneas, However, should preduction warrant,
equipment with greater capacities could be developed.
There are practical limitis to the pressure which can
be applied by the combining rollers; and, therefore,
full potential strength may not be developed in -the
laminate preduced by this process,

Matetials Used
Release Agent. Not applicable.

Gel Coat.
aheats"

Not applicable except as part of "carrier
{See Section 27.028).

Resin,

Aside from the characteristics resins must have to
davelop the required strempgth and other physical
propertiee in the cured form, the most important
characteristics during processing and cure are
related to viscosity and development of cure.
Viscosity requirements vary from 500 cps for
continucus impregnation to approximately 1500 ¢ps for
wet pack impregnation or 50,000 cps for bank applica-
tion on decorative laminates.

In developing cure it is important to use a resin
which will maintain uniform gel time and exotherm
characteristics since the ¢uring zones in which these
occur are critical, Realn with mederate exotherms is
also desirable to reduce runaway cures which result in
blisters and other defects., Moderate shrinkage during
cure 18 desirable to control warping and wavy patterns
caused by the texture of the relnforcing web.

27.024

27.025

27.026

27.027

27.028

27.03

27.031

27.032

27.033

27.034

27.035

27.04

27.041

GCPM

1of 2
Reinforcement., Applicshle relnforcements include

materlals such as paper, glass Esbric, varioua
natural and synthetic fabrics and non-woven wabs or
mats made up of single types or blends of fibers.
Premix. Not applicable,.

Prepreg. Centinuous press molding can be adapted

to use prepreg materials by omitting the impregnation
stage and feeding the prepreg directly to the
combining rollers. However, certain advantages are
lost if this is done. It i8 not too prevalently used
in iodustry although it may be more wideapread in the
futore.
Precured. WNot applicable.

other, Carrier sheets are required to transpeort

the materlal after leavirng impregnatlon and through
the remainder of the process. These carrier sheets
are most frequently plain transparent cellophane
since the shrinking which occurs in heated cellophane
provides tension that assures a perfectly smooth
sutface. Other carrier sheets sometimee used include
pilgmented cellophane (for semi-gloass surface), coated
paper, polyvinyl alcohol, cellulose acetate (crinkle
finish), polyester film and metal belts,

Equipment Used

Lay-up., In this process, lay-up actually conslats of
bringing together the correct number of plies of
material fresh from the impregnatioo bath, This is
automatically achieve . by use of appropriate rollers
and travel bullt into the basic equipment,

Molda, HNot applicable.

Press. Pressure 1s applied by a pair of heavy
combining rolls set te produce a predetermined
thicknese of laminate, Side gates are associated
with the rolls to majntain the formation of z resin
bead along the edges of the laminate.

Over, The curing oven may be vertical or horizontal
30 to 100 feet in length divided into zones. Hedt
is generally supplied by circulating hot air or
direct-fired gas burners. Auxiliary heating by
infrared lamps i8 sometimes used, The oven zones

are set up along the following general lines although
this will vary depending on the specific type of
laminate being produced. Temperatures indicated may
not be suitable for all types of lamlnates.

1. Preheat Section: Range frem 220 to 250F to bring
laminate up to cure temperature quickly.

2, Gelation Section: Range from 180 to 220F,
temperature control in this zone being extremely
critical to avoid runaway of curing reactiom,

3. Exotherm Section: Usually no heat is supplied
in this section since the curing reain is
teaching its peak exotherm. Sometimes venting
must be provided to c¢ontrel heat build up,

4, Finish Section: Range from 230 to 260F to
finish curing of lamirate.

Other. The coating machines are employed in
continuous laminating to impregrate the reinforce-
ment with resin. These are of the high-speed type
and are equipped with automatic electronic controls
to maintain the precise speed of travel required for
the coated materials and the correct amount of heat

req:ired for each grade of material and type of resin
usad,

Process Description. Since this procesa does not
follow the sequence format used in other process
writeupa, the following is organized by "'stapes"
in the operation.

Impregnation
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PROCESSES AND TOOLING

Prior to the actual impregnation or saturation of the
base material with resin, it is necessary to follow
strict rules of storage for both the tesaln and the
reinforcement. Depending on the manufacturer's
facilities, the resins may be either purchased or,

1f feasible, produced on the premises, Since Tesins
in their ordipary state are essentially salid
materials {either powdered or in pallet form) they
must first be dissalved with alcohol or other selvent
te form a "varnish" or "syrup'.

Resin salutions must be prepared in fresh hatches

and in quantitiee only for immediate use, as the
golvent evaporatas to 8 certain extent, thereby
changing the impregnating quality of the resin and
consequently the characteristics of the end product.
"Varnish" batched for a particular coating job

ghould be kept in airtight drums or in large blending
or storage tanks, preferably in constant-temperature
or aitconditioned rooms provided with appraved fire-
protection facilities,

Certain grades of paper, glass, and other base
mazterials should also be stered under comtrolled
conditicons of moisture and temperature to prevent
dimensional changes, water absorption, and other
preimpregnation changes that will affect the fluished
produck,

Impregnation of the base material is accomplished by
pasding the plies through a resin bath far a period
of time sufficient to saturate the fibers completely.
When a deuse paper ot clesely woven fabric is heing
used, the time period muat be sufficlent to assure
an adequate coating of resin fo obtain complete
saturation during storage in roll form. In this type
of wetpack storage, the roll wmust be slowly rotated
to prevent draining within the rell.

When loosely bonded fibers, such as glass mat, are
impregnated, special procedures, such as supports
in the resin bath, werctlcal lmpregnation, or laying
the mat down onto a film of resin, must be used to
prevent the mat from separating. Regardless of the
procedure, {impregnation must be complete, since
trapped air will show up in the end product as
blisters, delamination and surface defects.

Combination

After the plies of reilnforcement have been completely
impregnated, rhey are combined and sandwiched between
carrier sheets which serve t¢ carty the laminate
construction through the curing operation and to
exclude air from the curing resin. These cartier
sheets are frequently cellophane although other
materials may be used as indicated in Section 27.028.

The plies of reinforcement and carvier sheets are
brought together at heavy combining rolls which

are accurately set to regulate the thickness of

the laminate. Excess resin in the reinforcement is
gqueezed out at these rolls and maintained as a
8light bank to assure that ne air bubbles travel
into the laminate. B5ide gates conforming to the
contour of the rolls allow a resin bead to form
along the edges of the laminate. Any excess resin
is returned to the impregnarfon tanks,

When additional wear resistance 18 required, as in
the case of decorative laminates, the roll gap is
set at more than the combined thickness of the

plied and a high viscosity (approximately 50,000 cps)
resin bank is maintalned between the top ply and

the caver sheet.

After passing the comblning rolls, the cellophane

is generally clamped on the edges by some mechanism
to hold the sheet under tension sideways as the sheet
passes through the curlng oven. This device ia
usually a textile tenter frame or a similar mechanism.
In some equipment, rendion is developed by passing

the cellophane encased laminate over a heated

convex platten avelding the necessity of edge clamps.

27,043

27.044

27.05

27.051
27.052

27.053

27.054

27.055

Curing. The curing section of a ¢ontlnucus laminatar
censists of a circulacing hot air or direct-fired

gas gven which is divided into zones as indicated in
Section 27.034, Most commercial laminating ovens
operate in the range of 5 to 12 feet per minute of
laminate travel.

Sizing. After curing, the laminate is edge-trimmed
ta remove the resin bead and produce the desired width.
Trimming ie accemplished with retary disc sghears,

saws ot abrasive wheels depending on the thickness

<f the laminate and the type of reinforcing wacerial.
The carrier sheers are uavally removed from one

or both sides and the laminate cut to length. Some=-
times thin laminates are wound on storage rells in
lengtha up to 300 feet, When the laminate {3 used
For applicatiens involving bonding to other materials,
it is sandad on one side to improve adhesion.

Finishing. It is nor one of the objectives of this
first edition to caver this topic fully.

Trimming
Machining

Surfacing. It is important to realize that virtually
any surface texture or configuration may be obtained
with continuous pressure molding.

Celoring. The final molding can be painted with
any of the usual surface coating finishes after all
traces of carrier sheets have been removed. It is
often worthwhile to incorporate a pigment in the
resin, however too much pigmentation may result in
an inferior molding.

Attachments

T

g e
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TESTING AND QUALITY CONTROL

INTRODUCTLON

Burpese of Manugl

The purpese of this Manual is te present various test
and quality control methods as they are uged in the
reinforced plastics industry, These methods are
described in sufficient detail to give a good under-
atanding of the test and its purpese. Additional de-
tails not included may be found by referring to the
original source,

Mpat of the test methods used to obtain data presented
in other Manuals of the Handbook are included in this
Manual.

The test methods are cross-referenced to other Manuals
by use of a code pumber system which identifies the
property category and the assigned test identification

number. For example, test method code number T6.0ll has
the following significance:
T = Test Code Number
5. = ProperLy Category: mechanical, thermal,
etc,
.01 Type of test: tenmsion, conductivity, ete,

.001 Sequential identification number (first

method described in this case)

Due to the significance and importance of LP-406 and ASTM
test procedures, the code numbers for these carry a suffix
of initials” "LP" or "ASTM", Hence, if the example in
gection 1,013 gbove were for an ASTM test method, the code
nunber ueed in cross-referencing would be Th,011 ASTM.

This Manual also presents summaries of Quality Control
procedures, For distinction, these are designated with
the prefix initial "Q" in the code number:instead of the
"T" used for test methods,

Certain organizaticns (ASTM for example) incorporate
“"Standard Teat Procedures" which may be referenced to
individual test method descriptions in their published
works, To avold repetition and excessive langth, the
same procedure 1s followed in this Manual, Section §510.0,
"Summary of Standard Test Procedures”, includes procedures
common o several or more test methods described in Sec-
tions 2.0 thru 9.0, Paragraph cross-referencing within
Manual IG im employed here as being sufficient, The pre-
fix initial "s" is used 1o the code number for these
Sections.

Contents of Manual IG

This Manual is divided into Sections as follows:
Section Mo, Subject

1.0 INTRODUGTTON

2,0 TEST METHODS - PEYSICAL PROPERTIES

2,01 Compogition = Resins

2,02 Compogition - Reinforcements

2,03 Compogition - Material Systems

2,04 Resin Content

2.05 Density

2,06 Moisture Transmission

2,07 Water Absorption

3.0 TEST METHODS - CHFMICAL PROPERTIES

3,01 Flammability

3.02 Products of Combustion

3.03 Toxicity

1. 04 Envirconmental Resistance

3.05 Lorrpsion Resistance

3.06 Reapent Resistance

4,0 TEST METHODS - THERMAL PROPERTIES

4,01 Heat Distortien

4,02 Thermal Conductivity

4,03 Thermal Expansion

4,04 Diffusivity

4.05 Emissivity

4,06 Thermal Shock

4, 07 Ablation

5.0 TEST METHODS - ELECTRICAL PROPERTIES
5.01 Resistivity

5.02 Conductivity

5,03 piclectric Constant and Loss Tangent
5,04 Microwave

5.05 Mapgnetic

6.0 TEST METHODS - MECHARICAL PROPERTIES
6.01 Tension

6.02 Compression

6.03 Elexuze

6.04 Shear

6.05 Bearing

6.06 Creep and Creep Rupture

6.07 Fatigue

6.08 Elastic

6.09 Hoop Tension

6,10 Hardoess

6.11 Impact

6,12 Bond

6,13 Shock Loading

7.0 TEST METHODS - MISCELLANEOUS PRCPERTIES
10.0 SUMMARY OF STANDARD TEST PROCEDURES
ZD.D* QUALITY CONTROL - MATERTAL PRODUCTION
21.0* QUALITY CONTROL - MATERIAL RECEPTION
22.0* QUALITY CONTROL - FABRICATION
23.0* QUALITY CONTROL, - FINISHED PRODUCT
*These subject areas are planned for future additlion to this
Manual.
1.022 Each Section describing a Teat Method is subdivided as

1,023

1.024

1,03

1,031

1,04

1,041

1,042

follows, ugsing Method 16,01l as an example.

5,0 TEST METHODS - MECHANICAL PROPERTIES
5,01 Tension Tests

6,011 Test T6,011

6,011.1 Source

6,011.2 Specimen

6,011, 3 Conditions

6.011. 4 Procedure - Preliminary

6.011.5 Procedure - Testing

6.011. 6 Observations

6,011, 7 Report

6,011,8 Test Eguipment

6,011.9 Measuring and Recording Equipment

It will be noted that for each test method one paragraph
number will always indicate the same subject, This will
facilitate the use of this Manual and the cross referenc-
ing to other Manuals,

For complete Table of Contents for the entire Handbook,
see Manual IA,

Abbreviations and Glossary

For complete listing of all abbreviations and definltiomns
uged throughout the Handbook, see Manual IA,

Information Sourcee

Each test method and quality control procedure is source
referenced in their respective write-ups.

A complete sources index is given in Manual IA,

lof 1
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TESTING AND QUALITY CONTROL

TEST METHODS = MECHANICAL PROPERTIES
Hardness Tests
Test T6.104 LP

Source. LP=-406b Federal Specifiraticn for Plasties,
Organic: General Specifications, Test Methods;
Method L0B1.1l: Rockwell Indentation Hardness Test.

Specimen, Minisum specimen thickness is to be 1/4

in. unless it can be verified that hardness values are
unaffected when thinner specimens are used. The gpeci-
men should be 1 in. square if cut from sheet marerial
and at leaat 1 square inch if from other shapes. The
minimum dimensions should be greater than 1/2 in.
Specimens may be composites of several thin gections
stacked ciosely with complete contact between layers.

Conditions. None specified.

Procedure - Preliminary. To insute that the major
load is being applied to the specimen, additional in-
dentation should be indicated when hand pressure is
applied to the weight pan. If the additional inden-
tation does not occur, the load is too great and a
lower scale should be chosen. For hard materials, a
scale of 150 divisions shall not be exceeded, while
for soft materlals, 250 divisions should not be ex-
ceeded, The M scale should be selected first., 1f
150 divisions are exceeded within 15 seconds after
applying the load, the L scale should be used. If
materials are too hard for the M scale, and the read-
ings are in excess of 115, the E scale shonld be
selected,

Procedure - Testing., The loads, both major and minor,
to be applied for each scale are given in Table
6.104.5. The dash pot on the tester should be ad-

TABLE 6.104.5

justed to complete its travel in & to 5 sec, when a ;:cswell Tingr ?ajgr

100 kg major load is applied, The time for the mecha- Scrln655 Ea oa

nism to come to a stop should be 5 to 15 sec. The ae 8 ke

major load is to be removed 15 sec, after the handle

is tripped and the Rockwell reading recorded to the R (least hard) ig 20

nearest full division, ; : : : : : : 10 103
E (most hard} 10 o0

Observations, Subtract the number of times the needle
passes through zero upon spplication of the major load
from the number of times {t passes through zero on re-
moval of the load. Tf this number is zero, the read-
ing should be recorded as over 100. If this number

is 1, the reading should be recorded between zero and
160. 1If this number is 2, the reading should be re-
corded as the scale {ndication less 100,

Report., The number of specimens and their thicknesses,
the Rockwell hardpess numbers and the scale uaed,
should be reported.

Test Equipment. A standard Rockwell hardness tester
shall be used.

Measuring and Recording Equipment, Park of standard
test equipment.

Penetrator,
ball,
in

1/2
1/4
/4
1/8

IG

T6.104
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TEST METHODS - THERMAL. FROPERTIES

Heat Distortion Tests

Test T4, 011 ASTM

Source, ASTM D84B-56, Deflection Temperature of
Plastics Under Load.

Specimen, Dimensiocns of the specimens should be 5 by
1/2 by any thickness from 1/8 to 1/2 in, Molding pro-
cedures are important but are not designated.

Conditions, Conditiening of test specimens should
conform to ASTM D618, See Sectioun 510.01

Peocedure - Preliminary. The apparatus is to be de-
elgned to permit measuremenc of deflections at the
mid-point of the specimen to 0.005 in, The specimen
is to be loaded on the flat, If the specimen is 1/2
by 1/2 in,, the direction of lpading should be perpen-
dicular to the direction of the melding pressure,

The load to be applied {See 4,011,5) is to be caleu-
lated by the following equation,

2 sba?
3 1

where: S z Maximum fiber stress in psi
b = width of specimen in inches
d = depth of specimen in inches
1 = length between supports in inches
p = laad in pounds

Procedure - Testing, Temperature of the immersion
bath should be 23 4+ 1C at the start of testing unless
it is known that error is not intreduced by higher
starting temperatures. The fiber stress at this time
should be 264psi + 2 1/2%. The load shcould be allowed
to act fer 5 minutes prior to setting the zero scale
for deflections, The temperature is then elevated at
the rate of 2 + 0,20 per minute, When 02.010 in, de-
flection is reached, the temperature is recorded as

the deflection temperature. This procedure is to be /
repeated at 66psi + 2 1/2% and the deflection tempera-
ture again vecorded.

thermometers

G

T4.01
ASTM

lofl

weight pan

Deflectio R
gage N

Observations, At least two specimens should be tested,
The test temperatures at which the 0,010 in. deflec-
tion is reached should be recorded,

Report. Dimensiens of the specimen, specimen material
deflection temperatures, fiber stresses, immersion

:

. §

medium and heating rate should be reported., Any un-
usuval characteristics or conditions are to he reported

Bath _]
4

|

[Specimes

alsa, 4

Test Equipment. The apparatus should be constructed
as shown in Fig, 4.011.8. The supports are to be 4 im,

apart and should have 1/8 in. radius by ac least 1/2 FI1G, 4,01L,8

in, leng bearing surfaces, The immersion bath sheuld
be chosen for its heat-transfer properties, and should
be stirred during the test. Weights of suitable size
to achieve the 66 and 264 psi + 2 1/2% specimen
stresses required in the test should be available.

Measuring and Recording Equipment, Dial gages are to
be placed under the weight pan, The spring load of
these is to be subtracted from the weight applied to
the specimen., Thermometers to suit the range of the
test temperatures required are to meet ASTM standard
specification E-1.

Stirrer _.J

TEST EQUIPMENT



4.
4,01
4,012

4,012,1

4,012,2

4.012,3

4,012.4

4,012,5

4.012,6

4,012,7

4,012,8

4.012,9

TESTING AND QUALITY CONTROL

TEST METHODS - THERMAL PROPERTIES

Heat Distortion Tests

Test 14,012 LP,

Source. LP-406b Federal Specification for Plastics,

Organic: General Specifications, Test Methods; Method
2,011.1: Heat Distorcion Temperature. (Note: Although
not ldentical, this method conforms in general to ASTM

D548-56; See T4, 011 ASTM, )

Specimen
a. Molded specimens shall be

S x 1/2 % 12 or V/4 in,

thick.. They shall be loaded in a direction per-
pendicular to the direction of molding pressure,

b, Sheet specimens shall be 5 x 1/2 x the sheet
thickness of from 1/8 to 1/2 in.

Conditions, The specimen should ke conditioned at 23

+ L.1C for 5 minutes.

Procedure = Preliminary. The
be placed in the apparatus so
the meld (or the thickness of
of the beam, unless otherwise
be applied to the specimen is
following equation.

Pz 44bd?

where: F = load in pounds

molded specimens are to
that the thickness of

the sheet) is the width
specified, The load to
to be calculated by the

b = width of specimen in inches

d = depth of specimen in inches

The weight of the loading rod

dial gage are to be consldered as part of the force P,

Procedure - Testing, Temperature at the beglnning of
test should be 23 4 1.1C and subsequently 1s to be in-
per minute, A load pro-
ducing a fiher stress of 264 + 6.6 psi in the specimen
is to be applied and allowed to stand on the specimen

creased at a rate of 2 + 0,2C

and spring load in the

for 5 minutes prior to setting the zerc scale for de-

flections and elevating the temperature,
ture at which deflection of 0.

01¢ in. is reached is

the heat distorcion temperature,

Observations. Deflections are to be recorded at each
5C of temperature rise, The heat distortion tempera-
ture is defined as the temperature at which a deflec-
tien of 0,010 in, is reached at the mid-span of the

specimen,

Report, A temperature-deflection curve should be

plotted with the abscissa as temperature and the ordi-

nate as deflection. Unusual characteristics of the

specimen should he reported,

Test Equipment, The apparatus should be constructed
similar that indicated for ASTM D64B-56 [See Fig.

4,011.8 for T4.011 ASTM), The steel supports are to be

4 in apart and shall have 1/B
1/2 in. long bearing surface.

in radius by at least

The weight shaft should
be at least the width of the test gpecimen and have the

gsame thermal coefficlent of linear expansion as the

rods used te attack the loading frame tc the top plate

of the test apparatus, Even though the materials are

the same, a correction factor

the range in which tests are to be rum.
liquid to be used far transfer of heat ta the specimen

is to be correlated for

should not affect the rigidity of the specimen and

should be stirred during testing.

size to achlieve the 264 + 6.6

psi specimen streas re=-

quired in the test should be available,

Meaguring and Recording Equipment, A dial gage is to

be used ta measure deflection,

The tempera-

The immersion

Weights of suitable

Direction of Applied

Toad

i,_,_i,,,ﬁ_m 5+ 1/16 in.———--|

Jirection — /2 +
of Molding 0.025ing_
.

Pressure

C
/2 + 0,025 in,

FIG, 4,012.2 HHAT DISTORTION SPECIMEN

IG

T4.012

lofl
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TEST METHODS - THERMAL PROPLRTIES

Heat Distortion Tests

Test 4,013 LP

Source, LP-406k Federal Specification for Plastics,
QOrganic: General Specifications, Test Methods; Method
6061: Hot Qil Bath Test,

Specimen, Specimens as described in LP«406b Method
2011,1 (T4,012, Section 4,012.2 are suggested; however,
any convenient size of specimen may be used,

Conditions. BSpecimens should be soaked in an oil im-
mersion bath for 1 hr. prior to testing at the heat
distertion temperature.

Procedure - Preliminary. Careful examipnation is to be
made of the specimen prior to conditioning., The in-
spector is to take cognizance of the surface finish,
color and, particularly, the dimensions and shape of
the specimen,

Procedure - Testing. After conditioning, the specimen
15 to be wiped dry and cooled to 20 to 25C, Again, in-
spections similar to those described in 4.013.4 are to
be carried out. The cil bath is to be stirred during
the condition period,

Okservations., See 4.013.4 and 4,013,5,

Report., The report is te include changes in appearance,
eelor, surface fiplsh, evidence of warping, splitting
or softening, and changes in the original dimensiens

Test Equipment. The test bath should be large encugh
to permit simultancous testing of all samples from the
same lot. A propeller is to be provided to achieve
continugus stirring of the immersion fluid throughout
the test. Accurate adjustment of the temperature
should also be provided,

Measuring and Recording Equipment, A thermometer af
sufficient accuracy is to be placed in the immersion
bath,

IG

T4.013
LP
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4.021.1

4.021.2

4.021.3

4.021.4

4,02t.5

4.021.6

4.021.7

TESTING AND QUALITY CONTROL

TEST METHODS - THERMAL PROPERTIES
Thermal Conductivity Tests
Teat 4,021 ASTM

Source, ASTM C 177-45, Thermal Conductivity of
Materials by Means of the Guarded Hot Plate,

Specimen. Two samples should be selected, each to
fit entirely over the heating unit. Thickness should
be determined as indicated in Table 4,021.2. See
also Fig. 4.021.8,

TABLE 4.02%.2

Maximum tbickness| Minimum linear dimensions af

of specimen guarded hot plate (square or
in round)

in

Central Section | Guard Section

1 “ L 1/z
L 1/2 8 2 14
2 12 3
4 12 6

Minimum thickness is to be limited by the ability

to determine accurately the conductivicty, The

surfaces of the specimen sheuld ke sanded smooth to
obtain good contact with the heater, The specimen
should be dried at 215F if it is unharmed at this
temperature, until no reduction in weight is indicated.
If it is harmed by 215F, it should be placed in a
desiccator and dried at 120 to 140F.

Conditions. The test is to be used only aver the
range from =30 to 1400F for extreme temperatures and
0 to 1200F for mean temperatures,

Procedure - Preliminary. Nene specified.

Procedure - Testing. Test temperatures are to be
those at which the specimen is to be used and the
temperature drop across the specimen is te be at
least 40F. Tests are to be run at mean temperatures
differing by at least 3JOF. The dew-point is not to
be higher than the coolest part of the surface. When
thermecouples are mounted on the hot and cold plates
to determine the temperature differepce, the distance
between the hot and cold plates 18 to be considered
in the thickness of the specimen. When thermocouples
are mounked on the specimen, the distance between the
hot and cold plates less the two thicknesses of

blotting or asbestos mounting paper is to be ¢on-
sidered as the specimen thickness. After a steady
atate 1s reached, observations should be made at
not more than one hour intervals. The temperature
drops for the twe test specimens shall not differ
by more than 1 per cent, over a 5 hour periaod. The
specimen is to be weighed at the end of the test.

Observaticns. At least 3 specimens should be tested,
Ibe temperatures at both surfaces of the specimen,

its mean temperature and the moisture during testing
should be recorded. The weight of the specimen

should be measured before drying, after drying but
befare testing, and after testing. The exact dimen-
siona of the specimen are to be recorded, The thermal
input 1s to be reported in BTV per hr fr<,

Report. Density and other Ltems are to be calculatad
by the following equatiens,
A
a, D= B
where: D = density in 1bfin3
A = welght of sample after drylng in pounds
B = Velume of sample after drying in cubic
inches
C-A
b. M= B
where; M = molsture in sample as received in lbfin3
C = weight of sample as received in pounds

4.021.8

Welght change during testing.

A1
[+ R = (G-F) x Frg
where: R = meisture regained during testing lh/in3
G = weight of specimen after testing in
pounds
F = weight of specimen prior to testing in
pounds

Thermal conductivity is to be computed as follows:

L L

k = — QL __ . | R
At(Tl-sz A(T,-T,)

where:

thermal conductivity

tocal quantity of heat

time

thickness of the specimen

area of specimen normal to the heat flow
1= temperature of the hot surface

2= temperature of the cold surface

q = quantity of heat per unit time

i
Q
t
1
A
T
T

Thermal conductance is te be computed as followa:

ekl _a__

C = thermal conductance, heat transferre
per unit time per degree
R = thermal resistance

The name of the material and thermal conduczivity
should be reported, in addition to those facts re-
quired in section 4.021.6. A cenductivity vs mean
temperature pleot should be produced from the mean
values determined from the three ssmples tested.

Test Equipment. Figure 4,021.8 is a sketch of the
apparatus to be used for this test, No derailed
requirements are glven for the censtruction of this
unlt,

|ty ;:1 ‘S'kA
c E
L]
H
Central Heater
Central Surface Plates
Guard Heater
Guard Surface Plates

Cooling Units
Cooling Unit Surface Plates

[
g—3
[= — |

Differentiel Thermocouples

Heating Unit Surface Thermocouples
Cooling Unit Surface Thermocouples
Test Specimens

HmOm mEoaRe e
]

FIG 4,021.8 TEST APPARATUS
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3 4,021.% Measuring and Recording Equipment, Thermocouples
E 2 of 2 are to be used to measure the surface temperatures.
E The potentiometer is to have a sensitivity of at
least 5 micro volts., The heating element 1s to have
regulation te + 1 per cent, if it is automatic, If
the regulator is manually adjustable, the maximum
temperature difference between the center and guard
surface plates over the 5 hour interval should be
less than 0,75 per cent of the average drop through :
the two halves of the specimen. :
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TESTING AND QUALITY CONTROL

6.9 TEST METHODS - MECHANICAL FROPERTIES

6.0L Tension Tests

6.011 Teat

T6.011 ASTM

6.011.1 Source. ASTM DE38- 80T, Tensile Properties of Plastics

6.01%1.2 Specimen.

a,

b.
[
d.

£,

gpecimen for Plastic Sheet, Plate and Molding, Fig.
6.011,2a. These specimena shall be fabricated by
machlning from sheets, plates, etc., or by molding.
gpecimen for Plastic Tubes, Fig. 6.011.2b,
Specimen for Plastic Rod, Fig., 6.011.2c.

All specimens should be free of flaws, seratches
and machining marks. Where these do occur they
ghould be removed with No. 00 abrasive paper
ptroked parallel to the tensile axls of the apeci-
men.

Gage marks should be made by some means other than
indentation,

The Pigures above give basic specimen dimensions.
Details on tolerences, ete,, will be found inr
original source.

6.011.3 Conditions., Conditioning of test specimens should con-
form to ASTM D-618 for purposes of cbtaining veproduci=
ble results. BSee Section 510.¢l, No environmental con-
ditions are specified by sourte.

6.011.4 Procedure - Preliminary. The grips are to he spaced
apart as shown in the Fig. £.011.2 illustrating the
specimens &nd ‘the axis of the grips and specimen are to
be aligned suth that no moment can be developed in the
apecimen. With the specimen accurately placed, the
grips are to be tightened firmly, but oot to pressures
sufficient to crush the gripped portion of the specimen,

6.011.5 Procedure - Testing., The speed of teating shall be omne
of those shown In Tsble 6.011.5. Unless otherwise
specified, Speed B shall be used. When determining the

TABLE 6.011.5

Source ASTM D638-60T|
Speed Test Speed
Designation infmin

A 0.05

B 0.2 to 0,25

[ 2

D 20

Elastic Modulus, Speed A shall be umed for laminated
thermosetting plastica, and Speed B for others. Hence,
different specimens for strength and modulus determina-
tions may be necessary in certain cases.

6.011.6 Observations,

4.

The number of specimens necessary te substantiate
the finding is five. 1If the material has a possi-
bility of exhibiting anisotropic properties, ten
specimens should be taken, 5 parallel to and 5 at
909 to the principal axis., 1f reasons, such as
flaws not ordinarily found {n the material, result
in errors, additional specimens should be tested.
Ta determine the modulus of elasticity a record of
loads and deformation should be kept. Record the
elapsed time between start of test and when strain
is ¢.02. Also record the load and elongation at
fatlure., Fram this data, tensile strength, percent=
age elongation, meac rate of strems, mean rate of
strain, and elaatic modulus can be determined.

6.011,7 Repart. HNot specified by Source.

6.011.8 Test Equipment, A constant strain testing machine which
is accurate to + 1 per cent of the indicated lead value
shall be used.

6.011,9 Measuring and Recarding Equipment,

a.

b.

The strain indicated should be accurate to + 1
percent of the measured value.
Micrometers should read to ¢.001 in or less,

SPECIMEN DIMENSIONS - IN

Type I (a)
T(b) c W L L{c)
z 1/4 [0.750 [0.500 |8 1/4 {4 1/2
> 1/4
z /211,125 {0,750 |9 3/4 |4 1/2
> 1/2
z1 1.50¢ | 1,000 |12 5 1/4

Type II

z L/4 | 0,750 | 0.250 |9 3/8 | 5 1/4
> 1/4
z /2| 1,125 [0.375 |10 1/8( 5 1/4

(a) $hall be used wherever possible
(b) Shall be 0.125 wherever possible

if T » L in, machine to 1.000
(c) Distapce between grips

T = Thickness

_— I

FIG. 6.011.2a SPECIMEN FOR PLASTIC SHEET, PLATE & MOLDING

SPECIMEN DIMENSIONS - IN

Metal plug
5’5 each end

{a) Distance betwee
(b) sStandard grip 1
3 1/2 in

FIG. 6.011.2b

n grips
ength =

SPECIMEN DIMENSIONS - IN

] L L E{a)
Nom. Calc, | 5td,. Min.
1/8 14,02 [ 15 7.02
3/16 [ 14.20 115 7.20
1/4 14,34 | 15 7.34
3/8 14,58 § 15 7.58
1/2 14,79 | 15,75 7.79
5/8 14,96 | 15.75) 7.96
3/4 15.12 | 15,75 | 8,12
7/8 15.27 | 15.75] 8,27
1 15.40 [ 16.5 | 8,40
1 144 | 15.65 | 16,5 | 8,865
11/2 [15.87 [ 16.5 | 8,87
1 3/4 {16.06 [ 16.5 | 9.06
2 16.24 | 17 9. 24

(a) Distance
(b) Standard
31/2 in

FIG. 6.011.2¢

between grips
grip length =

T L L E{a) < \‘/
Nem. | Cale, | Std. | Min, Wy g4 T
'd,n

1/3z [ 13.00( 15 6,80 F- / —_—
3/64 | 13.92 | 15 6,92 28 K

1/16 | 14.02 | 15 7.02 g3 3

3/32 | 14,20 | 15 7.20 wd

1/8 | 14,34 | 15 7.34 32

3716 | 14,58 | 15 7.58 a2 N __‘2'_“‘3

14 | 14,79 ] 15.75] 7.75 (- wf # -
5/16 | 14,96 | 15.75 | 7,96 3
3/8 [15.12|15.75{ 8.12
7/16 | 15,27 | 15.75 ] 8.27

1/2 {15.40( 16.5 | 8.40

7

el
VIO

SPECIMEN FOR PLASTIC TUBE

1/4

L

SPECIMEN FOR PLASTIC ROD

1G

76,011
ASTM
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T6.012
ASTM

6,01 Tension Tests lofl

6.0 TEST METHODS - MECRANICAL PROPERTIES

6,012 Test 16,012 ASTM

6.012.1 Source, ASTM D1708-59T, Tenslle Properties of Plastics
By U8e of Microtensile Specimens. T=1/8

0, 187

6.012.2 Specimen, The shape of aspecimen shown in Fig. 6.012.2
is to be used when the thickness of the sheet is less
than 1/8" and only when the amount of material aveilable
is limited, BSpecimen shall be prepared by die-cutting.

0,624
1
I

1/8
6.012.3 Conditions. Conditioning of test specimens should con-

form to ASTM D-618 for purposes of obtaining reproducible |
reselts. See Section 510.01. No environmental conditions
L]

are specified by source. g, 876

L = 1,500

6.012,4 Procedure - Preliminary, The grips are to be 0,900 3
+ 0,010 in apart and the axis of the grips and specimen
are to be aligned such that no moment can be developed FIG. 6.012.2 MICROTENSILE SPECIMEN
in the specimen. With the specimer accurately placed,
the grips are to be tightened firmly, but not to pressures
sufficient to c¢rush the tabs.

6.012, 5 Procedure - Testing, The speed of testing shall be ane
of thase shown in Table 6,012.5, If a apecific testing
speed is not glven to satisfy requirements of the use,
Speed B, in the table should be used, ¥Yhese speeds pro-
duce rates of strain comparable fo those specified in
ASTM DH38-60T (See Sect. 6,01L.5),

6,012.6 Observations,

TABLE 46,012.5

Source ASTM D1708-56T
Speed Teat Speed
Designation infmin
A 0.01
B 0.04 tc 0,05
c 2.4 tao 0,5
D 4 to 5

a, The number of specimens necessary to substantiate the
finding ia five., If the material has a possibility
of exibiting anistropic properties, ten specimens
should be taken, 5 parallel to and 5 at 309 to the
prineipal axis, If reasene, such as flaws not ordi-
narily found in the material, result in errors, addi
ticnal specimens should be tested.

b. A record of leoad and elongation should be made thraugh-
out the test in orvder to calculate mechanical proper-
ties of the material. From this data, the yield
strength, ultimate strength, elastic modulus and
ductility can be computed,

6,012.7 Report, Not specified by source,

6,012.8 Test Equipment, It is best ta use rubber faced grips
for thin specimens, but serrated grips can be used 1if
care is taken, Self-tightening grips are not satisfactory.

6.012,9 Measuring and Recording Equipment.

a, The distance between the fixed and movable heads of
the testing machine is to be the elongation of the
specimen, An accuracy of + 1% should be met by the
measuting device and deformarion of testing apperatus
should be less than 1% of the total elongation of the
specimen,

b, Micrometera, should read to D, 0001 in or less,
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T6.013

6.0  TEST METHODS - MECHANICAL PROPERTIES SPECIMEN DIMENSTORS - IN

C
ief L
6.01 Tension Teats o mEEI (2) T » Thickness

T(b) ¢ w L E(c) '

6.013 Test T6,013 LP

6.013.1 Source, LP-406b Federal Specification for Rlastics, 2 174 3/4 0.500|8 1/2 | 4 1/4

Organic: General Specifications, Test Methods; Method
1011: Tensile Properties of Plastics, (Note: AlL-

> 17611 1/8] 0,750 9 3/&4 | 4 tj2 R

though not identical, this method conforms in general 2 3
to ASTM D63B-60T; See TH.0ll ASTM.) s1f2|1 1/2) 1,000 12 5 174 -
5.013.2 Specimen, z ! ol w
4. Specimen for Plastic Sheet, P late and Molding, Fig. [ TYPE L) s| & b
6.013.2a. 1 | o

b. Specimen for Plastic Tubes, Fig. 6,01.2b. Where
wall thickness exceeds L/8 inch, it shall be reduced
by 1/32 inch over a length of 2 1/4 inches in the
middle of the specimen length. Transition to the
reduced dection shall be by fillets with 3 inch
radius.

c. Specimens for Plastic Rod shall be 12 inches lomg.
Where the diameter exceeda 1/4 fnch, it shall be
reduced by 1/32 inch over & lemgth of 2 1/4 inches
at the middle of the specimen length, Transition to
the raduced section shall be by fillets with 3 inch
radius.

d, Machined surfaces shaii be finished with No. 000
emeTY paper,

e. Gage marks shall be made by some means other than Testing Machine Head
indentation. . —)

6,013,3 Conditions. Conditioning of test specimens shall com- Y

z /4 | 3/4 0.250 19 3/8 | 5 1/4

>1/4 01 1/8| 0,375 10 178 5 1/4 \
z 1/2

{a) Shall be used wherever possible

(b) Shall be 0.1%5 wherever possible
for molded specimens

(c) Distance between grips

FIG. 6.013.2a SPECIMEN FOR PLASTIC SHEET, PLATE & MOLDING

r}

N

form to LP-406 General Requirements for purposes of ob- A

taining Teproducible results. See Section 510.02, No
environmental conditions are specified by source.

=
[—
-

D

=
VTS reryi
|

6.013,4 Procedure - Preliminary. The grips are to be spaced
apart as shown in the Fig. 6.013.2. The use of codrae
abrasive paper or cloth in the grips with the abrasaive
side next to the specimen 18 recommended to reduce alip-
ping and failure in the grips, Grips shall be self
aligning.

b

VTS ST TS TD

2D
rd

6.013,5 Procedure - Testing. A head travel speed of 0,20 to "
0.2% in/min shall be used to lead the specimen Lf load” -
deformation data are being taken, the speed shall be
0,05 in/win maximm,

!
6 in Min

/u-—
F s

D

6.013.6 Observations,
a4, The numher of specimens necessary to substantiate
the finding shall be in sccordance with LP-406
General Requirements. See Section $10.02, {
b, Date should be obtained tu compute stress, strain, ‘
elaatic modulua, proportionsl limit, and yleld wlti- ; N

1
|
1
mate strengtha, L.— p
wedge Grips-

6.013.7 Report. The report shall conform to the LP-406 General
Requirements, See Section S10.02,

Vi TV
D

FIG, 6.013,24 SPECIMEN FOR
PLASTIC TUBES

6.013.8 Test Equipment, Any stendard tensile testing machine
baving an accuracy of + 1 percent of the measured value
shall be used,

6.013.9 Measuring and Recording Equipment. Strain gages
accurately indicating extensions corresponding to 0.0001
inch per inch atrain shall be used.



6.0
6.02

6.021

$.021,1 Source,

TESTING AND QUALITY CONTROL

TEST METHODS - MECHANICAL PROPERTEES

Compresalon Tests

Test T6.021 ASTM
ASTM D685-34, Test for Compressive Properiies
of Rigid Plastics.

6.021,2 Specimen,

6.021.3 Conditions.

6.021.4

6.021.5

6,021.6

6.021.7

4. The standard test speciment shall be in the form of
8 right cylinder or prism whaose length is twice {ta
priocipal width or diameter and whose ends are
parallel within 0.005 in. Preferred specimen sizea
are 1/2 x 1/2 x 1 inch for prisms and 1/2 inch dia-
meter by 1 inch for cylinders, The spacimen may be
machined from stock or molded.

B. To determine the e¢lastic modulus and yield strength,
specimens with a slenderness ratio of 11 to 15 shall
be used.

c. Rod specimens shall have the same diameter, up to 1
inch, as the stock material and ilengths as shown in
Table 6,021.2¢c, For rod material over 1 inch diam-
eter atandard 1/2 x 1/2 x 1 inch prismoidal speci-
mens shall be c¢ut to be representative of the rod
cross=section.

d. Fer tubes, a specimen with diameter of the tube x 1
inch 1n length shall be used. To determine the
crushing-load of tubes, the same specimen shape is
to be loaded at 90° to the longitudinal axis.

e. To test sheet material less thap 1 inch thick, a
pile-up of sheets 1l inch square with sufficient
layers to produce a minimum Height of 1 inch shall
be used. Considerzble care 1a necessary during
testing to avold buckling.

Conditioning of test specimens shall con-

form to ASTM D618 for purposes of obtaining reproducible

results, See Section 510.06. No environmental condi-
tions are specified by source.

Procedure - Preliminary, The specimen shall be care-
fully piaced in testing machine or compresmion tool to
assure concentriclty of axes, See Fig, 6,021,8b for a
achematic of a typical compression tool. The compres-
sion tcol framework shall be very atiff and shall hold
the plunger perpendicular.

Procedure - Testing. The speed of testing shall be 0,05
in/min below the yield point, Rates of 0.20 to 0.25
in/min may be used beyond this point,

Observations.,

2, The number of specimens necessary to substantiate
the finding is five, If the material has a posefiillicy
of exhibiting anisotropic properties, ten specimens
shall be taken, 5 parallel te¢ and 5 perpendicular to
the principal axis. If reasons, such as flaws not
ordinarily found in the material, result in errors,
additional specimens shall be tested.

b. A record of load and elongation should be wmade
throughout the test in order to calculate mechanical
properties of the material. From thie data, the
vield strength, compressive stremgth, elastic
modulus, and deformation beyond yield can be computed.

Report. The report shall include complete identification
of materiasl, preparation of teat specimen {with di-
mengions), conditions of test, vaktes of stress and
strain, compreasive strength {with deviations),
yield strength, ductility, toughness and elastic
modulus,

§.021.8 Test Equipment

a, A constant strain testing machine which is accurate

to + 1 percent of the indicated value shall be used.
be A compression teol, such as shown in Fig., 6.021.8b,
mady be used,

6.021,9 Measuring and Recording Equipment

a, Measurements of iongitudinal deformations shail be
accurate to + 0.001 inch,
b, Micrometers shall read to 0.001 inch or less.

TABLE 6.021.2c

IG
T6.02)
ASTM

lofl

ROD SPECIMEN DIMENSIONS

Diameter | Length [Slenderness
inch inch Ratio
1/8 te 1/4 1/2 16 to 8
1/4 to 1/2 1 16 to 8
1/2 to 1 z 16 to 8

Teating Machine Head

LLLS LS LSS S S LSS

Hatrdened Bal

& Seats
A, g
Hardened, Ground
& Lapped
Test ¥._____=-_Hargned
Specimen /V‘ Ground

IS

ST

Fig, 6.021.8Bb TESTING MACHINE HEAD
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6.0 TEST METHODS ~ MECHANICAL PROPERTIES
6.02 Compression Tests

6,022 Test T6.022 LP

6.022,L Source,
Organic:

LP-406b Federal Specification for Plastica,
General Specifications, Test Methods; Method
1021.1: Compressive Properties of Rigid Plastics,
{Note: Although not identical, this method conforms in
géneral to ASTM D695-54; See T6,021 ASTM.)}

6.022,2 Specimen.

a. The standard test specimen shall be in the form of
a right cylinder or prism whese length is twice its
prineipal width or diameter and whose ends are
parallel within D.005 in, Preferred specimen sizes
are 1/2 x 1/2 x 1 inch for priams and 1/2 inch dia-
meter by 1 inch for cylinders. The specimen may he
machined from stock or molded.

b, To determine the elastic modulus and yield strength,
specimens with a slenderness ratio of 1l to 15 shall
be used.

¢. Rod specimens shall have the same diameter, up to 1
inch, as the stock material and lengths as shown
in Table 6.021,2c¢, For rod material cver 1l inch
diameter standard 1/2 x 1/2 x 1 inch prismoidal
specimens shall be cut to be representative of the
rod cross=section.

d. For tubes, a specimen with diameter of the tube x 1
inch {n length shall be used. To determine the
erushing-lcaé of tubes, the same specimen shape is
to be loaded at 90° to the longitudinal axis,

Diameter | Length | Slenderness
inch inch Ratio
1/8 to 1/4 1/2 16 to 8
1/4 to 1/2 1 16 to B
/2 ta 1l 2 16 to 8

&. To test sheet material from 1/4 to 1 inch thick in
the direction perpendicular to the plane of the
sheet, a pile-up of sheets 1 inch square with
sufficient layers to produce 4 minimum height of 1
inch shall be used,

£. Thin sheets 1/4 inch or less in thickness shall be
tepted in the direction parallel to the plane of the
sheet using a suitable gupporting jlg as showm in
Fig. 6,022.8c. This specimen shall be 1/2 inch x
sheet thickness x a length equal to that of the jig
plus 1 to 2 times the specimen thicknesa, The
aspecimen ends shall be machined parallel to each
other and perpendicular to the adjacent faces,

6.022,3 Conditions, Conditioning of test apecimens ghall con-
form to LP-406 General Requirements for purposges of
obtaining reproducible results. See Sectionm 510.02. No
environmental conditions are specified by source.

6.022.4 Procedure - Preliminary. Spherical seats shall be em-
ployed and the use of a  special compression tool is
degirable. A supporting jig for thin sheet specimens,
as shown in Fig. 5.022.8c, shall be used.

6.022.5 Procedure ~ Testing, The speed of testing shall be

©.05 in/min below the yield point, Rates of 0,20 to

¢.25 in/min may be used beyond this point.

6.022.6 Obeservations.
a, The number of apecimens necessdry to substantiate
the finding shall be in accordance with LP=406

General Requitrements, See Section 510.02.

b. A recerd cof load and elongation shculd be made
throughout the test in order to calculate mechanical
properties of the material. From this data, the
yield strength, compressive strength, elastic mod-
ulus, and deformation beyond vield carn be computed.

The report shall conform to the LP-406 General
See Section $51Q.02.

6.022,7 Report.
Requirements,

6.022.8 Test Equipment.

d.

b.

[

T6.022

A suitable compressive testing machine having an lofl

accuracy of + L per cent of the measured value
shall be used.

A compression tool, such as shown in Fig. 6.021.8b
of test methed T6,021 ASTM, may be used.

& special supporting jig for thin sheet specimens
is shown in Fig. 6.022,8c, This jig shall be made
of cold rolled steel.

6.022.9 Measuring and Recording Equipment,

Strain gage or gages shall be mounted directly on the

a.
specimen., Measuring of head travel is not acceptable.
b, Specimen dimensioms shall be measured to the nearest
0,001 inch.
Spacimen — *////// 1/8 wide 90° Grooves with
: 1/64 flats ground full length
SECTION A-A
5
- Tesating Machine Head
1V il TN,
Grind S
I U I |
| iels
| i -~
——
3/8 N 3/8
71 N L
1 7/14 Al
| Max to clear]
1-1_ 1/2 " —A’- : extannmtarL.
h
4 gzi\q 'A?—Specimeng
L+ -
] ] o
o |of
Grind
FOIErIysy //’,é' 4 Testing machine héad’ 0 f
&
Fig, 6.022.B8c DETAIL OF SUPPORTING JIG FOR THIN SHEET

SPECIMENS



6.0
6.03
6,031

6.031.1

6.031.2

TESTING AND

TEST METHODS = MECHANICAL FROPERTIES
Flexure Tests
Test T6.031 ASTM

Source,
Plastics,

ASTM D790-58T, Flexural Properties of

Specimen. The shape may be as selected by the in-
vestigator and may be cut from sheets or melded.
General specifications for speclmen are as follows:
a. For materials with thickness greater than 1/16
inch, the thickness of the sheet is to be used
as the depth of the test specimen when flat
strength is desired., If the test is to determine
the strength when the load is applied on the
edge, the width of the specimen will be the sheet
thickness, and the depth of the specimen should
not exceed this. The depth of the span is to be
1/16 of the length or less and the width should
not be greater than 1/4 the length, Ten per
cent overhang allowance at each end should be
included in the length, but in no case is this
to be less than 1/4 inch.

b. For materials with thickness less than 1/16 inch,
the test specimen dimensions should be 2 inches
long by 1/2 inch wide. These are to be tested
over a 1 inch span length.

¢. Laminated thermosetting materials and sheet and
plate materials used for electrical insulation,
inciuding vulcanized fibre and glass-bonded-
mica shall be tested as Indicated in Table
6,03 2c. All specimen are to be machined and
those with glass or nylen bases having thickness
greater than L/2 inch shall be reduced to 1/2
inch in thickness.

d. Molded materials should have test specimen dimen-
sions of 5 x 1/2 = 1/4 inch and be tested flac
on & 4 inch span.

TABLE 6.03Ll.2¢

Nominal
Thickness

$pecimen Test
Width Span
in in in in

Length Cromghead Speed

in/min

1/32 1
1/16 1 3
3/32 L 3
1/8 1 4
5
4
8

21/z|5/8 0.02
0.Q3
d.04
0.05
0.08
0.11
0.16
0.21
9.32
0.43

1
/21 1/2

/16 1/2
1/4 1/2
3/8 1/2
1/2 1/2 10
3/4 3/4 14
1 1 i8

[= B R S PR

o

6.031,3

6.031.4

£.031.5

Conditions. Conditioning of test specimens should
conform to ASTM D-61B for purposes of obtaining re-
producible results, See Section 10.01 ASTM. A4ll
specimens shall be tested in a standard laboratory
atmosphere,

Procedure - Preliminary. At least 10 per cent of

the specimen shall over~hang each end of the support
structure. But in no case can this overhang be less
thap 1/4 inch at each end. The spans are to be
determined to the nearest 1 per cent. The axes of
loading nose and the specimen supports must be parallel
and the loadiug nose placed at the midpoint of the beam
span,

Procedure = Testing. The crosshead speed should
be computed as follows.
a, 3If Procedure A is used:

ELE
6d

=

=
n

crosshead speed, in/min

Span length, in

depth of beam, in

strain rate at the outer fiber arnd is
equal to 0.0l infinfmin

where:

wor
won ol

6. 031.4

6.031.7

6.031.8

6.031.9

QUALITY CONTROL

b. I1f Procedure B is used the crosshead speed should
be 0.10 infin/min, This method should be used
for the more flexible materials.

Observations,

a. The number of specimens necegdary to substantiate
the finding is five, If the material has a possi-
bility of exhibiting seolotrepic preperties, ten
apecimens should be taken, 5 parallel to and 5
at 90° to the principal axis, If reasons, such
as flaws not ordinarily found in the material,
result in errors, additional specimens should be
tested, Both flat and on edge specimen positions
are recommended,

b. The applied load and the deflection at this load
should be taken sipultaneously during the test.
This should be done until the outer fiber is
strained to 0.05 in/in as defined by the follow-
ing equation:

_ot?
T o6d

where: D = deflecrtion
r = strain
L = span
d = depth of beam
c. All dimensions of the specimen and the constifu=
ent materials should be indicated,

Report, The maximum fiber stress shall be reported
as computed by the following equation:
g = 3PL2
bd

where: § = stress, psi
P = lead, pounds
L = length, in
b = width, in

d = depth, in

The flexural strength or stress at crackiong load,
flexural yield strength, flexural offset yield
atrength, stress at a given strain, maximum strain,
and modulus of elasticity (by both tangent and secant
modulus methods) should be reported,

Test Equipment. A constant strain testing apparatus
which is accurate to + 1 per cent shall be used.

The nose and support members should have cylindrical
surfaces with radii of 1/8 inch min and 1 1/2 times
the thickness of the specimen max. The maximum

value 1s to be used when excessive indentation oeccurs.

Measuring and recording eguipment, None glven.

IG
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TESTING AND QUALITY CONTROL

TEST METHODS - MECHANICAL PROPERTIES
Flexure Tests
Test T6.032 LP

Source., LP-40&b, Federal Specifieation for Plastics,
Organic: General specifications, Test Methods;
Method 1031: Flexural Properties of Plastics.

Specimen,

4. Bheet materials. For testing {n a flat position,
the thickness of the sheet should be the depth
of the specimen, The span length should be ar
least 16 times the depth and at least a one inch
over-hang should be allowed at each end. The
width of the specimen should be at least 1/2
inch., For testing sheet specimens on edge, Lhe
thickness of the sheet should be the width of
the specimen, The depth should not be greater
than the width and the span to depth ratio should
be at least 16.

b. Molded materials. The specimen can be 5 x L/2 x
L/2 inch or 5 x 1/2 x L/4 inch and have a span
length of & inches, The latter of these is pre-
ferred since it has a span to depth ratio of 14,

¢, All widch and depth dimensions shall be taken to
the nearest 0.001 inch, while length dimensions
should be to the nearest 0.01 inch.

Conditions., Nome given.
Procedure~-Preliminary. WNone given.

Procedure - Testing. Testing head movement should
be in the range of (.20 to Q.25 inches, The rate of
fiber strain should be less than 0,01 in/in/min at
the axtreme fiber for ioad-deflection data purposes.
The head travel speed is to be calcolated by the
following equation:
a’

6d

=
u

where: W = travel rate, in/min

I, = span length, in

d = depth of beam, in

% = limit rate of fiber strair in inches per
inch of outerfiber per minute, ta be 0.01.
Past the point of recording deflection,
the head travel can be increased to 0,20
to 0.25 inches per minute.

Observations. The dimensions, general properties and
preoportions of the material, direction and type of
loading, relation of direction of load to molding
pressure, to laminate and to grain of material, load
and deflection daka, rate of loading and strain rate
and locaticn and type of failure which has resulted
from the loading, all shall be observed.

Report, A load deflection curve should be pletted

showing the proper travel limit, flexural strength,

modulus of elasticity and maximum fiber strength.

a, The modulus of elasticity is te be computed by
the egquaticn:

3
E_ = L

Foogmed

x B
Y

N

modulus of elastieity in benrding, psi
gpan length, in

width of heam, in

depth of beam, in

where:

[l el
=
uon

u

slope of straight line pertion of load
deflection curve, 1b/in

W oo

b, The flexural and maximum strengths are to be
computed by:

5= =3

where: P = load, pounds

L = span length, in

b = width of beam, in
d

= depth of beam, in

€.032.8

6.032.9

T6.032

Teat Equipment. Any suitable flexural testing ma-

chine can be used., Loading and suppert edges should 1 0f L
have 1/8 inch radius noses. For excessive deforma-

tions, the nose radius should be 1 1/2 times the

specimen depth.

Measuring and recording equipment, None giwven.
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T6.033

6.0 TEST METHODS - MECHANICAL PROPERTIES Lot
6.03 Flexure Tests
6.033 Test T6.033

6,033.1 Source, FPL Report No. 1807, "Effect of Span Depth
Ratlo and Thickness On The Mechanical Properties 0Of
A Typical Glass Fabric - Base Plastic Laminate 4s
Determined By Bending Tests."

6.033.2 Specimen. The ratic of width te depth for each
specimen was approximately 2, except for these 1/16
inch laminates which were 1/2 inch wide. The span/
depth racios were as indicated in Table 6.033,2.
Other than this the specimens met the specification
of TH.032 ASTM.

TABLE 6.033,2

Thickness span/depth
in plies Ratio

/16y 7 {16, 20, 30
1/4 25 | 12, 16, 20, 26, 32, 38
1/2 50 |12, 16, 30

6.033,.3 Conditions, None given.

6.033.4 Procedure - Preliminary, None glven.
6.033.5 Procedure - Testing., GSee T6,032 ASTM.
€,033.6 Observations. See T6,032 ASTM.
6.033,7 Report, See T6.032 ASTM.

6,033.8 Test Equipment., See T6,032 ASTM.

£.033.9 Measuring and Recording Equipment. None given,
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TESTING AND QUALITY CONTROL

TEST METHODS - MECHANICAL PROPERTIES
Flexure Tests
Test T6.035

Source, "Improved NoL Ring Test Method For Parallel
Glass Roving Reinforced Plastics -~ Evaluation of
Chemical Finishes."

Specimen. Specimens are to be cut from a 6 inch
dismeter by 1/4 ioch wide by 1/8 inch thick ring.
The span to depth ratio shovld be 16 to 1.

Conditions. Specimens were tested dry and after
varying periods of being immersed in boiling water.

Procedure - Preliminary. HNone given,

Procedure - Testing, Testing head speed should be
0.05% infmin,

Observations. The conditions and pre-conditioning
of the specimen, constituents of the specimen, load-
ing rate, failure lead, specimen length, width, and
thickness should be given, Five specimens are te be
tested.

Report., The ultimate flexural strength is to be
computed by the following equation;

o 3PL
Fu Zbdz .

Both stress and strain values are to be recorded in
ord¢r that a modulus can be determined,

Teat Equipment. Tests were conducted on a universal
testing machine.

Measuring and Recording Equipment., None given.

I1G
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TEST METHODS - MECHARTCAL PROPERTIES

Shear Tests

Test Tb.041 ASTHM

Source, ASTM D732-46, Shear Strength of Plastics.

Specimen, The specimen shall be 2 inches square or
2 inches in diameter and can be molded or cut fram
sheet material. The thickness may wary from Q.003
inch to 0.500. The specimen should have parallel
faces and & 7/16 inch hole drilled rhrough its
center,

Conditions. Conditioning of test specimens should
conform to ASTM D-618, except that the conditioning
practice described as Methed D, Procedure B shall

be modified to allow testing once the specimen has
reached room temperature. TFor Procedure A or B,
Method I, the test sheuld be run at 23 4+ 1C. 1f
procedure A, Method D, is used, the relative humidity
should be kept at 50+ 2 per cent.

Procedure - Preliminary. Specimen should be placed
over the holdipg pin and after pesitioning, the bolt
is tightened., The pin and punch assembly is then

placed on the body of the tool and the bolets tightened.

See Fig. 6.041,8.

Procedure - Testing. Crosshead speed should be 0,05
inch per minute.

CObservations, Five specimens should be used, The
maximum lead which is required to drive the moving
portion of specimen completely clear of the starion-
ary part is the punching shear.

Report., Complete identification of specimen includ-
ing material, manufacturer, dimensions, previaous
history, method of test as well as enviroomental
conditions and conditicning procedure should be
given, Punch diamerer, maximum lead and calculated
shear strength, in psi on the basts of shear area of
the punched section should be reported.

Test Equipment. A constant strain testing machine
should be used, The weighing mechanism should ke
free of inertial drag and be accurate to + 1 per
cent of the {ndicated value. A shear tool similar
to the one shown in Fig. 6.041.8 should be used.

Measuring and Recording Equipment. Kone given.

[—«2 x 2 Specimen
]

Specimen !
Alignment

pin (2)

Hold down
bolts {4)

Iz
o

SANNN

U=

ez
)
{

>

I

N

\\J
R\
A <
N

N

P e )

1 P

4 1/8 max

wp”

ection A=A

FIC. 6, (41,8 ‘TYPICAL PUNCH SHEAR TOOL
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TEST METHODS - MECHANICAL PROPERTIES
Shear Tests
Test T6.042LP.

Souzce, LP-406b Federal Specification for Plastics,
Organic: General Specifications, Test Methods:
Method 1041: Shear Strength (Double Shear).

Specimen.

a. For thermesetting materials, Lest cylinders are
to be 1/2 inch in diameter, however, diameters
of 3/8 and 1/4 inch can be used, The lengrh of
the cylinder is Lo be at least 3 times its diam-
eter. Rectangular specimens dare to be suitable
for a Johnson-type shear tool.

b. For thermoplastic materials only rectangular
specimens are acceptable. Sizes of 2 inches by
1/2 to 1 inch by 1/8 inch or less should he
used, If the material is over 1/8 inch thick,
machining will be required before a specimen
can be acceptable,

Conditions. None given.
Procedure = Preliminary. Nore given.

Procedure - Testing, Range of head travel under
load shall be from 0.015 to 0,025 in/min.

Observations., Kone given,

Report. This should include the information given

in Section 1£.02 LP as well as the type of jig and

loading used.

Test Equipment. A standard tension testing machine
Is Eo be used with a three-plate jig or a Johnson-

type Shear Teol.

Measuring and Recording Equipment. None given.

IG
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TEST METHODS - MECHANICAL PROPERTIES
Shear Tests
Test T6.043.

Source. FPL Report No. 1821, "Mechanical Properties
of {ross-Laminated and Composite Glass-Fabric-Base-
Plastic Laminates,”

Specimen., The shape of the test specimen is some-
what comparable to rhat of a formec cress. The
center portion commou to the 4 arms of the cross is
a 3 iuch square such that in the center loaded sec-
tion two edges are parallel to the warp direction.
The jigs for applyiug shear loads to the square
center portlon are borded and bolted to the arms

cf the ¢ross. The reader is referred to the source
for iliustrations of this.

Conditions, Preconditioning was done at /5F and 50%
RH. During testing no control of temperature and
humidity was attempted.

Procedure - Preliminary. Specimen placement is such
that loads are transmitted through rollers of the
jig through the & arms of the cross and thence along
the edges of the 3 iuch square resulting in a case
approaching pure shear,

Procedure - Testing. Loads were applied at the rate
of 0,01 in/min of head travel.

Observations. A minimum of 2 specimens were tested,
The thickness, number of plies, constituent aud
mechanical properties of each individual ply should
be observed. The applied strains apd loads should
be recorded.

Report. The property of the of the laminate was
determined by the following équatian:

1 i=n
== F.A
R S
where: F = Property of the laminate
4% = Area of the laminate
F, = Property of the ith piy of the

laminate
A, = Area of the ith ply

Test Equipment. The "panel shear apparatus" des-
cribed in the source was usad with a constant strain
loading apparatus.

Measuring and Recording Equipment. Strains were
measured over a 1 inch gage length with a Tuckermon
Strain Aparatus,

IG
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76.044
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TEST METHODS = MECHANICAL PRCPERTIES

Shear Tests

Tests To.044 A - |
Scurce_. Boeing 'I(:-lijxmJ "p.;'mel SE‘:ear Testing of ] 1] Alignmeat pirs
Thin Epoxy Hetanhydride Laminates''. i ) f Loadin in
- [ M LoE P
Specimen. The specimens vsed were approximately ! |
3.75 in x 3,00 io x 0.05% in thick. For high tools, f l |
the size was 5.75 in x 2.00 in x thickness. ;F { + f
E @ EE il ;
Conditions. None given. 25 EBEE 6 . | —
40 T A ] 1 |
o a~ ] {
Pracedure - Preliminary. The fixture was bonded to I o8l ("—‘ |
the specimen with type 2 adbesive with a cure pressure L;_ N B 1
of 30 psi in a heated atmosphere, h\ | Lr Specimen
|
Procedure - Testing. Panels were tested at 0% and - : i QIJ
45° to the direction of warp. Specimens were strained I 1 |
&t the rate of 0.025 in/min. ——4—
Observations. The make up of the lamicate and total A —
load to fail the specimen should be given.
Report. The shear strength is expressed by the Loading Plates

following equatian:

L= Pla Adhesive

W W WS W W W N T W W
Specimen " WS TN TETTIS PN s
22277 78 B 2ll) ot o i
where: ¥ = Total load, pounds T

A = Total area, sg, in, Loading pilates

SECTION A& - &

Teat Equipment. A special jig to hold the specimen FIG 6,044.8 BOEING SHEAR APPARATUS
was developed and is shown in Figure 6.044.8, This

figure also shows how the specimen is placed into
the jig and frame assembly.

Measuring and Recording Equipment. WNone given.
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TEST METHODS - MECHANICAL PROPERTIES
Shear Tests
Test Th.045.

Source. NAVORD Report 6153, "Improved NOL Ring
Test Method for Paraliel Glass Roving Reinforced
Plastics; Evaluation of Chemical Finishes".

Specimen, The specimens were removed from a 6'
diameter x 1/4" wide x 1/8" thick ring., They were
0.635 + 0,002 inch long as measured along the chord
of the canvex side.

Condltions. Dry tests were yun after 4 days condi-
tioning at 23C and 50% RH. Specimens subjected to
wet test conditions were boiled the prescribed length
of time and placed in water ac 23C for at least 15
minutas before testing.

Procedure - Preliminary. The specimen is to be
placed with convex side up on well lubricated sliding
supports in a horizontal shear jig as illustrated in
the source.
Procedure - Rate of loading was 0.05 inch
per minute.

Teating.

Observations, No irndication of the number of speci-
mens required is given. The breaking lead (F),
width {b} and thickness (L} of specimen are required
as well as the description of the material tested.

1/2

IG

16.045
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1/2

Report. Shear strength should be computed assuming
the specimen ta be as shown in Fig. 6.045.7, by the
following equation:

Herizontal shear = 9

A=

where P, b and d are as deafined {n 6.045.6, ——-—-ﬁ‘r

Test Equipment. A jig for helding and aligning the

e x

specimen was used. No identification of the apparatus
for the application of toad onto the jig is indicated.

Measuring and Recording Equipment. None given.

FIG. 6.045,7
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HORTZONTAL SHEAR IN A BEAM
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TESTING AND QUALITY

TEST METHODS ~ MECHANICAL PROPERTIES
{reep and Creep Rupture Tests
Test T6,061 ASTM

Source, ASTM DO74-536, Long~-time Creep or Stress -
Relaxation Tests of Plastics under Tension or Com-
pression Loads at Different Temperatures.

Specimen. Tension specimens should conform to ASTM
DE3S (See TH.0Ll ASTM). Compression specimens should
conform to ASTM D695 (See T6.021 ASTM) except that
the slenderness ratic, L/r, should be between 11 and
15,

Conditions, The test environment should be held at
constant temperature which should not vary over the
length of the specimen. For a five Inch length
acceptable variations are as follows:

Test Temp |Acceptable
Range - F variation

-50 to 300 +1
300 to 500 fz2
800 ta 1200 13

The specimen should be isclated from vibration. Pre=-
conditioning should be done as described in ASTM D618
(See 510.01 ASTM) and, in addition, dimensional sta-
bility should be chtained for constant temperature
and relative humidity for 48 hours prior to testing.

Procedute = Preliminary. The grips and gripping
technique should be designed to minimize eccentric
loading of the specimen,

Procedure - Testing. Specimen should be tested to
failure at times of less than 10 hours and up Eto

1000 hours. Loads should be accurate teo within 1 per-
cent, Either a ¢onstant stress or constant load pro-
cedure is acceptable.

Observatlons. Suggested time intervels for both
creep and relaxation strain and stress measurements
are 0,1, 0.2, 0.5, 0.7, 1, 2, 3, 5, 7, 10, and 20
hours; then every 24 houra to 500 hours; and every

48 hours to 1000 hours, Four (4} specimens should be
run at each temperature.

Report., A description of the materials, precondition=
ing, specimen dimensions and equipment should be pre-
sented. Curves for total creep as a function af totsal
strain should be plotted on rectangular or log-log
coordinates, Parameters of temperature and humidity
should be included. N

Test Equipment. QOead weights are to be applied
directly to the creep specimen ot through levers if
the wibration is small, If a relaxation is to be
measured, 4 screw-type load adjustment that is actu-
ated by the straln in the specimen should be used.

Measuring and Recording Equipment. Strain should be
measured to the nearest 0.001 in, if the total strain
is above 50 per cent. Extensometers should be made
of stable materials,

CONTROL
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TEST METHOL - MECHANICAL PROPERTIES

Creep and Creep Rupture Tests

Test 16,062 LP

Source, LP-406b, TFederal Specification for Plastics,
Organic: Geueral Specifications, Test Methads; Meth-
od 1063.1, Tensile Time-Fracture and Creep.

Specimen, Specimens should conform to LP-406b Method
1011 (See T6.013 LFP).

Conditions. None specified,

Procedure = Preliminary. Load should be applied by a
dead weight or lever aystem, Load should be placed
without producing impact on specimen.

Procedure - Testing, Test should be at least 1000
hours in dutation and all tests should begin simul-
tanecusly, Initial elongation is defined as consis-
ting of elastic elongation plus the creep during the
first €0 seconds of loading,

Observations., Time and elongation are to be recorded
at intervals, Tensile streogth of the specimen is te
be obtained as specified under LP-406b Methad 1011,
Report. Strese and strain are to be presented as
functions of time to failure, Time is to be plotted
&8 the absclssa,

Test Equipment,

Measuring and Recording Equipment.

IG

T6.062
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6,0 TEST METHOD - MECHANICAT, PROPERTIES lofl

11. hole
6,06 Creep and Creep Rupture Tests e 4 ream /1/16 extensometer m;u:tirllg ]

y 0, 300
6,063 Test T6,063 T
1 o
|
]

§,063,1 Source, Wright Air Development Centet Technical Re- q—————-—«-\
R 1 1/4

port 53=491 High Temperature Creep - Rupture Proper-

ties of Glass Fabric Laminates.

J[__ )

6.063.2 Specimen L 2 1f8
a. Tension, See Fig., 3.063.2a. 29
b, Compression, 1 x lf& x1/4 e ..
6,063.3 Conditions., Both tension and compression testa were FIG, 3.063,2a SPECIMEY FOR CREEP TESTS IN TENSION

conducted at BO and 500F, Relative humidity varied
between 30 and 76 percent and was not controlied,

6.063.4 Procedure = Preliminary
4. Tension specimens were aligned and loaded through
a 14 inch pin inserted in each end,
b. Compressien specimens were seated on hemispheres
at each end in an attempt to achieve melf-align-
ment,

6,063.5 Procedure - Testing, Tests were designed to produce
rupture at times which varied between O, 10 and 1000
hours.

6.063,6 Observations. Time and elongation were recorded at
intervals, Strength tests were conducted an panels
in flexure for comparison purposes,

6.063.7 Report, Composition and specific data for each speci-
men should be recorded, Time and elongations are to
be indicated, Deformation in percent should be
plotted as a function of time with time being the
abscissa,

6.063.8 Test Equipment, An electric furnace was used to ob-
tain the 300 and 500F temperatures and it was con-
trolled to t+ 2F, .

6.063,5 Measuring and Recording Equipment, Deformations were
recorded with a platinum strip extensometer, These
were polished and scribed to obtain an original
length. A microscope accurate to 0. 00005 in. was
uged to measure the change of position of the scribed
marka,
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TEST METHODS

Fatigue Tests
Test TH.O71 ASTH

Source. ASTM D671-51T, Repeated Flexural Stress
(Fatigue) of Plastics.

Specimen.

a. Unnotched specimen, Fig. 6.071.2a, shall have a
eritical sectjon 0,30 x D.30 inch or 0,30 by che
sheet thickness where same is less than 0,30.
The 2 in radius is to be carefully milled and
finished, Final finishing shall be with No. 00
emery paper in the direction of the specimen
length.

k. Standard V-notch specimen, Fig., 6.071.2b, shall
have a transverse notch on one side only as
shown.

c. Driiled hole specimen, Fig, 6.07L.2¢, shall be
used for their sheer material in lieu of the V-
notch specimen. Burrs shall be removed after
driiling the polished specimen, but ne attempt
shall be made to smooth the inside of the hole.

Condition, All specimens are to be preconditioned
for 14 hours. Conditioning of specimens should con-
form to ASTM D-618 for purpese of obtaining reproduc-
ible results. See Section $10.01 ASTM, Teskts shall
be cooducted in still air (velocicy less than 50 feet
per minute),

Procedure - Preliminary, The vice holding the speci-
men shall be carefully positioned to assure the proper
maximum and minimum stress values, JIn some cases it
may be necessary to use rubber gaskets in the speci-
wen holder and the Dynamometer to prevent failure in
the grips.

Procedure « Testing. The temperature of the specimen
is to be measured by a thermocouple atrached with
cellulose rape 1/8 inch wide. The speed of testing
should be 1720 + 25 cycles per minute.

Observations. The deflection and load on the speci-
men shall be recorded at 0, 12 and 24 hours. The
number of cycles te failure is to be recorded und the
type of classified as follows:

a. Rapid progress of a spreading crack,
b. Rapid cracking and then progress to failure, or
¢, Overheating and softening of the specimen.

A sufficient number of specimens shall be run Lo show
that the §=N curve isasymtotic,

Report, MNo corrections shall be made for the stress
values at the minimum section, away from the minimum
section, for the position of maximom stress or a
change in dynamometer reading. & standard S-N plot
on semi-log paper shall be used to present Lhe data,
1f specimens do not fail, this is to be indicated by
arrows directed toward increasing number of cycles.

Test Equipment. A fatigue resting machine of the
fixed-cantilever, repeated constant deflection type
shall be used. A balanced specimen holder such
that the center of percussion of the cscillating
portion of the spectimen and holder shall be at the
wrist pin., Suggested details for the holder are
given in the source.

Measuring and Recording Equipment, A flex-beam type
dynometer to measure load ¢n the specimen shall be
calibrated with known dead weight. A cycle counter
shall be used in such a way that it will step upon
failure of the specimen.

T6.071
ASTM
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T6.072

6.0 TEST METHODS - MECHANICAI, PROPERTIES 3 /4 1 af 1
6.07 Fatigue Tests

2 L/2
6.072 Teat T6.072 LP 304 1/2

6.072.1 Source, LP 406b, Federal Specification for Plastics

fre3

Organic: General Specifications, Test Methods; 2

Method 1061: Constant-Strain Flexural Fatigue ' ™

Strength. - — H l
—

6.072.2 Specimen., Dimension of test specimens should con- ;{ -— G- h*
form to those shown In Fig. 6.072.2 and the thickness - - - -—= 3
shauld be 1/8 inch. The edges of specimens which — — ____* -
are machined from thermoplastics should be polished ——
with & compound. Other materials should be finished - l
with fine sandpaper or emery cloth, 1/2R

AR

6.072.3 Conditions. Nene given. o

6.072.4 Procedure ~ Preliminary. HNone given. FiG, 6,072.2 YROUSE-TYPE FATIGUE SPECIMEW

6.072.5 Procedure - Testing. Specimen should be cycled
1725 times per minute.

6.072.6 Observations. These should include a1l data described
under T6,013 LP. The flexural fatigue strength at
10 x 10° cycles, the stress to which each specimen
is subjected and the nuwber of cycles to fallure
shall be observed.

6.072.7 Report, Data are to be presented on a standard seml~
log 5-N plot.

6.072.8 Equipment. A Krouse-type fatigue testing machine
should be used.

6.072.9 Measuring and Recording Equipment. None given.
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T6.073

6.0 TEST METHODS - MECHAKICAL PROPERTIES DR - 1 of 1
6.07 ati Test r
Hatigue Tests ‘ 1 23/32
: 2
6.073 Test T6.073 LP. |
34 |
6.073.1 Source, LP-5406b, Federal Specificatiom for Plastic : -

Mark Foth Enda.
Drill, G'Sink and
T o a Tep
&
— f 2
o

Organic; General Specificatiens, Test Methods;
Method 1062: CGonstant=Stress Flexural Fatigue
Strength.

6.073.2 Specimen. The shape of the unnetched or notched
specimen should be as shown in Fig. 6,073.2 a and b
respectively. Thermoplastic specimens should be
polished with a compound. Other materials should Taper 5/8" Per Ft. q 7/%3_
be finished with fine sand paper or emery cloth.

6.073.3 Conditions.

6.073.4 Procedure-Preliminary, None given,

NOTCHED SPECIMEN

6.073.5 Procedure - Testing, Operating speed should be FIG 6.073.2a UNNOTC
3,450 or 10,000 revolutions per wminute,

o

607 Venotch

6.073.6 Observations. These should include all data described root R = U.Dﬂi‘\~ F~-330

under T6,013 LP. In additguu, the flexural fatigue

strength in psi at 10 x 10° cycles, the stress to
which each specimen has been subjeched and the number D
of cycles to failure, and the type of specimen shall

be recorded,

|__: 380
6,073.7 Repert. The data are to be presented on a standard

semi-log S-N plot,

FIG 6,073,2b NOTCHED SPECIMEN
6,073.8 Test Equipment. A 0.R.R. Moore-type rotating beam
fatigue testing machine should be used,

6.073.9 Measuring and Recording Equipment, None given.



6.07
6,074

6.074.1

6.074.2

6,074.3

6.074.4

6.,074.5

6,074.6

6.074.7

$.074.8

6.074.9

TESTING AND QUALITY CONTROL

TEST METHODS - MECHANICAL FROPERTIES

Fatigue Tests
Test TG.074

Seurce. F.P.L. Report Me. 1823, "Fatigue Tests of
Class-Fabric - Base Laminates Subjected to Axial
Loading."

Specimen, The specimen was designed for temsion and
compression use and is shown in Fig. 6.074.2., The
unsupported length was 2 1/4 inches. A notched
specimen was produced by placing a 1/8 inch circular
hole at the center of the specimen and perpendicular
to the laminates., Specimens were cut from the panel
with a carborundum saw at 0° and 45° to the direction
of warp, and were finished with an emery wheel. No
burrs were allowed at the notch, however, no pelish-
ing was done,

Conditions. Tests were run under three sets of
conditions as follows:

a4, Standard {75F and 50 RH),

b, Standard plus ccoling air,

¢. DPreconditioned 30 days at 100F and 100 RH and
tested ac 75F and 98 RH in cooling air.

Procedure = Prelimimary. Notehed and unnotched
specimens were clamped at the ends to give an axial
stress at the above rest conditions. The length
between clamps was 2 1/4 Loches,

Procedure - Testing, Tension and compression repeated
loads were applied at the rate of 1900 cvcles per
minute. These had a mean stress of zerc, ebaut 20%

of the maximum stress and about 50% of the ultimate
notehed strength, Static tensile loads were applied
at 0.035 inch per minute, while static compressive
loads were applied at the rate of 0,012 inch per
ninure,

Observations. Three static tensile tests and chree
static compressive tests were run, No indication of
the minimum number of fatigue tests {s given.

Report. The static ulrimate strength and modulus of
elasticity in tension and compression, should be
teperted for the physical censtituents of the material.
Data are to be presented as alternating stress as a
function of the logarithm of the pumber of eycles to
failure (Standard 5-N plot).

Test Equipment. A fatigue loading machine of the
rotating cam type with a capacity of 10,000 pounds
was used. A fan was used to force air arcund speci-
mens where conditions dictated.

Measuring and Recording Equipment. Loads were
measured on a calibrated flexute plate through
electric resistance strain gages. Data were rCaken
from a wheatstone bridge and an oscillograph.

11/

bt

a2

FIG, 6.074.2 FATIGUE SPECIMEN
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6.0
6.07
6.075

6.075.1

6.075.2

6.075.3
6,075.4

6.075,5

6.075.6

6.075.7

6.075.8

6,075.%

TESTING AND QUALITY CONTROL

TEST METHODS - MECHANICAL PROPERTIES

Fatigue Tesis
Test T6.075

Soutce, SPI l2th ANTEC, Section 12-C pp. 1-8, 1957,
Acceleraced Fatigue of Reinforced Plastics.

Specimen, Rods were machined radially to a minimum
diameter according to ASTM specifications {STP-%3).
Sheet specimens of 13 plies of heat treated glass
cloth, prepared to ASTM D638-5ZT specifications were
used.

Conditions. None given.
Procedure - Prelimipary., None glven,

Procedure - Testing. Stress levels were increased
as the test was being conducted. Care was taken to
adjust the rate of increase properly. Testing speed
was 1,900 cycles per minute, No ultimate loading
rate 1s suggested.

Observations. It is necessary to observe and record
the loading rate and mean stress endurance limirc.

Report. Stress was presented as a function of the
square root of the loading rate.

Test Equipment, A Sontagg SF-1-U Universal Fatipue
Machine for holding round and flat specimens was
used, with an adapter for varying the stress level
while the machine was in operation.

Measuring and Recording Equipment. Loads wete
measured with a SR4 load-cell after amplification
in an oscilloscope. Accuracy of this unit is the
smaller of + 2% or + 4 pounds.

IG

16.075
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6.08
6,081

6,081.1

6,081.2

6,081,3

6.08L.4

6,081,5

6.081,6

6,081, 7

6,081.8

6,081,2

TESTING AND QUALITY

TEST METHODS - MECHARICAL PROPERTIES

Elasric Modulus Tests

Test T6.081 ASTH

Source, Young's Modulus in Flexure of Natural and
Synthetic Elastomers at Normal and Subnormal Tempera-
turea ASTM D797-58.

Specinen. The specimen should be cut from mo lded
sheets or molded to size, They are to be rectangular
in cross-section and have the longitudinal axis parall-
el to the calendar grain, unless the effect of the
grain is to be evaluated, The thickness of the speci-
men is ¢ be selected such that a weight of not more
than 2,5 pounds will give the required deflectien in-
dicated under 6,081.5. Dimension are as follows:

Width L.00" + g, 01"
Thickness 0.250" + 0,0M"
Length 2,50 + 0, 025"

Conditions, Subnormal temperatures are to be achleved
in a covering chamber and maintalned at + 1,0F.

This should be automatically regulated and held uni-
form throughout by 2z fan., Standard tests are to be
Tun at 73F after allowing the specimen to stand for

15 minutes, Tests are to be repeated at 32F, -40F,
=67F, and lower if posaible,

Procedure - Preliminary. An zligning mechanism shall
be used in placing the specimen under the loading
foot., Retaining pins should be placed at each end
and side of the specimen.

Procedure - Testing. The initial load is to be 0,09
to 0.11 ib. at the center of the specimen to obtain a
known deflection and weight position, The weight pan
is then loaded until z deflection of between Q0,010 and
0,025 is obtained., Remove the weights and allow the
specimen to rebound for 10 seconds before recording
the deflection. Reapply the load and allew 15 seconds
before reading the deflection., Crystallization of the
material should be checked,

Obgervations, HNo indication is given as to the num-
ber of specimens to be tested, TFor each test the
dimensions of the specimen, distance between supports,
initial and second dial indicator readings, and
applied load should be noted, A complete set of in-
formation about the material should be included with
each specimen.

Report, The data are to be shown aa Young's medulug
as a function of the rest temperature, Young's modu-
lus is to be computed by the use of the following
equation,

E a L13
peeract (Ry - Ry)

whete E = Young's Modulus

L a Load in pounds, added in the weight pan,

1 = distance between supports, in inches,

w a Width of gpecimen R) and Ry » dizl indica-

tor readings as described in 6,081,5

Test Equipment, Curved surfaces of supports and
loading foot should have a radius of 0.187 + 0,003 in,,
and a length of at least 1.0l in. Distance between
supports should be 2,000 + 0,002 in,

Measuring and Recording Equipment, The top end of
the loading rod should be attached to a deflection
indicator.

CONTROL
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6,

6,08
6.082

6,082.1

6.082,.2

6.082,3

6,082.4

6.082,5

6.082.6

6.082,7

6,082.8

6,082,9

TESTING AND QUALITY CONTROL

TEST METHODS - MECHANICAL PROPERTIES

Elagstic Modulus Teats

Test T6,082 ASTM
Source. ASTM D638-60T, Tensile Properties of Plastics,
Specimen, See Té,011,

Conditions, Conditiening of test specimens should
conform to ASTM D-618 for purposes of obtaining re=-
producible results, See Section 510,01, No environ-
mental conditions are specified by source.

Procedure - Preliminary, See T6.011,

Procedure - Testing., The apeed of testing shall be
0,20 or 0,25 inches per minute except for melded
laminated thermosetting materials which are to be
tested at 0,05 inches per minute. Modulus values
should be obtained using separate specimens from those
used to determine tensile strength and elongation
when the speeds are mot the same,

Observations. At leaat five specimens should be
tested and an additional five if the material is
orthotropic, The testing speed and iocad carrying
capacity shall be recorded when a strain of 0.02
infin. is reached, If failure occurs before this
gtrain, record the data as at failure.

Report, The average value and the standard deriva-
tion should be computed.

Tept EBquipment, See T6.011,

Measuring and Recording Equipment, See T6,011,

IG

T6.082
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6,08

6,084
6,084, 1

6,084,2

6,084, 3

6.084.4

6.084,5

6,084, 6

6,084, 7

6.084.8

5.084,9

TESTING AND QUALITY CONTROL

TEST METHCD - MECHANICAL PROPERTIES

Elastic Modulus Tests

Test 16,084 ASTH

Source, ASTM D747-58T, Stiffness in Fiexure of
Plastics.

Specimen, The specimen may be either molded or cut
from a sheet, The size Iis to be determined by the
capacity of the machine and stiffress of the material,
They should not be polished or buffed but shculd be
tubbed with talc if the surface is “tacky'.

Conditions, Pre-conditioning, and tests should be
done in accordance with Methed A of ASTM D-618 Speci-
fication. BSee Sectlon 510,01, If the tests are to
be conducted at elevated or reduced temperatures, the
apecimens and the tester should be conditioned for at
least two hours prior to test.

Procedure - Preliminary., Place speclmen in apparatus
and level the machirne and adjust the lpad scale to
zero, The specimen should be clamped firmly in the
vise and aligned parallel to the face of the dial
plate, To test below 329F the gear and bearing lubri-
cant should be removed and kerogene used as the lubri-
cant.

Procedure - Testing., The rate of loading is con-
trolled by the rate of angular rotation of the speci=
men which is fixed at & rate of 58 to 66° per minute,
Initial rotation of 1° is to be applied by the hand
crank device and the angle measuring device then set
to zero. A motorized drive may then be engaged and
load readings taken every 3% until a tatal of 20° is
measured, thereafter, 10° increments shall be read
until failure or 90% is reached. Once the rest is
atarted, it is to continue teo ¢ompletion without
stopping.

Observations. The load and angle of rotation are to
be measured. It is necessary to know the length,
widrh, and depth of specimen, In order to determine
the stiffness. Three gpecimens should be tested and
the results avaraged,

Report, The report should include the stiffness which
i evaluated in the following way.

E s 48 x M s Load Seale Reading
wdd 100 ¢

where:

dpan length in inches

Width of specimen in inches

Thickness of specimen in inches

Apgular deflection in radians

Total moment of the pendulum system, aj, plus the
moment indicated on the calibrated weight, a,,
(al, and ap refer to Fig. 6.084, 8,

E = S5tiffnesgs in flexure in pounds petr square inch

e E W
T

The data are to be plotted showing load as a functien
of the argle of rotation, The plot is to be maved
parallel to itself until it passes through the origin
of the cocordinate syatem, if the initial curve failed
te do this,

Test Equipment. See Fig. 6,084.8, The vise of the
apparatus votates clockwise indicating the angle
through which it has turned on the deflection scale

A, The weight system rotates as the specimen carries
load inte the bending plate, Q, with magnitude indiea-
ted on the load scale by pointer I.

Measuring and Recording Equipment, The angluar
deflgction scale, read in degrees, 13 used to deter=
nine the difference in rotation between the specimen
and the attached weights, The load measuring scale
megsures the deflect 10X ©, and shall be calibrated
to read directly 100 L Sin o,

LOAR SCALE

Angular
Deflection
Scale A

Center af
Rotation, 0

¥ise V.
Bending
Test Plate, 0
Specimen

Toad W
(01 + 023

FIC, 6,08%4.8 MECHANICAL SYSTEM OF
STIFFNESS TESTER

IG

176,084
ASTM
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TESTING AND QUALITY CONTROL

6. TEST METHOD = MECHANICAL PROPERTIE3

6,08 Elastic Modulus Tests

6,083 Tegt T6,083 ASTM

6,083, 1 Source, ASTM D1530-58%, Tensile Modulus of Elasticity

of Thin Plastic Sheets,

6.083.2 Specimen. All specimens are e be lass than 0.040 in
thick and at least 2 inches longer than the distance
between the grips. The test section should be 10 in,
long, with a width greater than 0.1% in,, but less
than 0.25 in, The dimensions are to be chesen such
that non-linear behavior occurs abeve 2/3 the total
load range, Also, & width to thickness ratic greater
than 8 should be achieved. All specimens are to be
cut 8o that nicks and teers are not eliminated.

6.083.1 Conditions. Conditioning of test specimens shauld
canform to ASTM D-618 for purposes of chtaining repro-
ducible results. See Section 510,01,

6,083.4 Procedure - Preliminary. Measurement of thickness to
0.000 in, and width to 0.010 ip, is to be made before
placement of the specimen in apparatus, Care must be
used when placing the specimen in the grips so that
i1t is aligned in such a way that no moment can be pro-
duced during loading. Set the grips firmly to mini-
mize slippage.

6,083.5 Procedure - Testing. The speed of testing shall pro-
duce a stralin rate of 10 + 0.5 percent per winute,

6,083.6 Observations. For isotropic material five specimens
should be tested, Far orthotropic materials ten speci-
mens should be tested, five normal and five parallel
te the principal axis of anisotropy. The test is to
be discontinued when the load extension rurve deviates
from linearity, I{ an extensometer is used, this
shauld be so indicated.

6.083,7 Report, A load-extension curve should he drawn and
this curve used to calculate the maduluas of elasticity.
4 secant modulus at s given strain can be calculated
by dividing the tensile stress by the strain, The
standard deviation shall be recorded, It is to be
arrived at as follows:

Swpx?-nx?
n-1
where;
5 w estimated standard deviation,
X » value of a single abservation,
n « puaber of observations, and
% » grithmetic mean of the set of observations,

The foliowing should be included when reporting the
data: the type of material, any prior history, crien-
tation of sample, conditioning, dimensions, gripping
arrangement and number of specimens tested,

6,083.8 Test Equipment. A constant strain testing machine,
accurate to + 2 percent in travel ratio and load
measurement, shall be used, The grips are to give an
even stress distribution across the specimen. To
achieve thias it may be necessary ta line the grips
with thin rubber or crocua cloth,

6,081.9 Measurlng and Recarding Equipment, Micrometers
accurate to 0,0001 in. are necessary. A get of c¢ut-
ting devices which will produce a specimen with no
edge nicks and clean streight parallel edges should
be uaed, Tf short grip separations are empleved an
extensometer should be used to determine elongatlons,
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6.1
6.101

6,101, 1

6,101.2

6.101.3

6.10L.4

6.101.5

TESTING AND QUALITY

TEST METHODS - MECHANICAL PROPERTIES 6,:01.6

Hardness Tests

Test Té.101 ASTM

Seurce. ASTM D785-60T, Rockwell Hardness of Plaslics
and Electrical Insulating Materials.

Specimen, The minimum size of specimens cut from
sheet material shall be 1 in square and at least 1
sq. in, if cut from other shapes. The minimum width
shall be 1/2 in. and the thickness should be greater
than 1/4 in, Tf the thickness is iess than 1/4 in.,
care should be taken to insure correlation with
thicker specimens and that the indentaticn cannob be
seen from the reverse side of the specimen. In order
to achieve the 1/4 in. thickness, several cheets may
need to be stacked with care to get complete contact
between the surfaces, The diameter of rod specimens
should be at least 3 times rhat of the steel ball
indenter,

6,101.7

6.101.8

Conditions. Conditicning of test specimens should
conform to ASTM D6iB, Procedure A, for purposes of 5.101.9
obtalaing reproducible results, See Section 510,01, ) b
Procedure - Preliminary,
a. PROCEDURE A, The apparatus should be leveled
and the dashpot adjusted to complete a cycle in
4 to b sec without a specimen. When a specimen
ig in place it should take 5 to 15 sec to complete
a gycle, The calibration block of soft metal or
plastic is to be placed on the anvil and the
elevation ring turned until the specimen contacts
the indenter. Set the dial and note the positien.
A veading between B 50 and B 70 on the red scale
indicates that ne adjustment is necessary, be-
tween B 45 and B 50, adjustment is advisable and
for other readings, adjustment is required. These
readings are to be observed as the auxiliary hand
on the dial passes beyond the zerc dial setting.
b. PROCEDURE B. The calibration constant is to be
determined using a soft copper block. The pointer
is set to zero as in Procedure A and the load
release lever is tripped. Continue to reset to
zero and trip the lever until no Eurther indenta-
tion is indicated. The value in dial divisions
is the correction factor.

Procedure - Testing.
a., PROCEDURE A, The load te be applied shall be

TABLE 6,101.5a

Rockwell ]
Hardness Minor | Major

Scale Load, | Load, } Indenter Diameter,
(Red Dial | kg kg in

Numbers)

BRu o v s 10 60 0.5000 + 0.04001
L+ oo 0 60 0,2500 + 0.0001
Mao v+ 10 100 0,2500 + 0.0001

) 10 100 0.1230 + 0,0001

selected from Table 6,0l.5a such that small read-
ings on the indicator are obtained., Readings
aover 100 or below O are not acceptable but should
be reported up to 115, TIn the high ranges, the
sccuraecy of the irstrument is not good. The
first data peint should be discarded, as the in-
denter may not be properly seated. The specimen
is to be loaded to within 4+ 5 divisicns of B 30
and final adjustments made. Specimens should not
be loaded less than 1/4 in, from the edge nor on
the reverse side., Within 1Q seconds of the zero
adjustment, the trip lever 1s released and the
hardness read on the red scale. If the indenta=
tion exceeds the Iimit of the machine, the next
smaller loading from Table 5.1015a should be used,
For very soft plastics, ASTM DL1706-55T should ke
used (See T, 102 ASTM),

b. PROCEDURE B. The specimen is placed beneath the
indenter and the apparatus zexoed, The load is
applied immediately after zeroing and the number
of dial divisions passed during the 15 sec immed-
lately after zeroing are observed (black scale),

G
CONTROL

T6.101
ASTM

Observations.

4. PROCEDURE A. The number of times that the needle
passes 2ero on the red scale when loaded and when
unloaded shall be ovserved, If the two are equal,
record the hardness number as the scale reading
plus 100, If the vnleaded reading is less than
the loaded vne, record the hardness number as the
scale reading minus 100,

b. PROCEDURE B. The total scale divisions indicated
by the dial gage represent the hardness plus the
spring constant correction, The difference be-
tween these two is the indentation.

1 of 1

The Rockwell hardness valwees by Procedure

4 are reported directly. By Procedure B, the Rock-
well hardness is to be given as R = 150 minus the
indentation, Alsc to be reported are the material
tested, filler used, number & size of specimens,
specimen surface condition, procedure, Rockwell scale
numper and the standard deviation.

Reportc.

Test Equipment. Rockwell hardness tester and stan-

dard test block.
Measuring and Recording Equipment., These are a
part of the standard test equipment.
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6.102.5

6,102.6

6.102.7

6.102.8

6.102.9

TESTING AND QUALITY

TEST METHODS - MECHANICAL PROPERTIES
Hardness Tests
Test T6.102

Source. ASTM D1706-39T, Indentatior Hardness of
Plastics by Means of a Durometer.

Specimen. The specimen shall be at least 1/4 in.
thick unless it can be shown that identical results
can be cbtained from specimen i/8 in, thick, Thinner
specimens should be stacked. All specimens must be
flat.

Conditions. Conditioning of test gpecimens should
conform €o ASTM D-618, Procedure A, 5See Sectien
510,01, For other conditions, the specimen and in-
strument should be placed in the test environment

for 1/2 hour for every 1/8 inch ¢of thickness. TIf
uged below room temperature, the durometer should be
placed ip a desiccator until its temperature is above
the dew point temperature,

Procedure - Preliminary. To calibrate the durometer
it is held against flat plate glass with the reading
for this case being 100, Calibration of the spring
in the meters shall be as given ip the source, The
force on tbe spring is to be measured in grams by
pressing the indenter agalrat the pan of a balance.

Procedure - Testing. The test specimen is to be
placed oo a flat horizontal surface and the durometer
pressed inte the plastic while held in a vertical
position. The presser foot is to be parallei to the
specimen., Maximum values occur immediately after the
total pressure is applied, In some instances a time
interval will be specified at which the reading is

to be taken. 1In this case the maximum indicator type
durometer caunst be used. Measurements over 93 and
below 5 are not recommended on the Type A durometet.
I1f they are below 5, use the Type D durometer and if
over 95, use a Rockwell hardness tester as in ASTM
D785-60T (T6,101 ASTM).

Observations. At least 5 tests should be made. The
darta from these should be rounded ¢ff to the nearest
whole number.

Report. The report should include the hardness and
standard deviation of the data, complete identifica-
tion of the material tested, description of specimen,
test conditions, type of instrument, description of
dead weight used and cime of application.

Test Byuipment. Standard Durcmeters shall be wsed.
The indenter foot shall be made of hardened carbon
ateel,

Measuring and Recording Equipment, None specified.
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TEST METHODS - MECHANICAL PROPERTIES
Hardnesas Tests

TG, 103 ASTM

Source, ASTM D 1526-58T, Bierbaum Scratch Hardness of
Plastic Materials.

Specimen. The specimen should be 3 in, by 1 in., but
may be any other cenvenient size, Macrcrials greater
than 0,020 in. can be used without mounting, For
materials less than 0,020 in,, laminated systems can
be used, If anisotrepy 1is suspected, specimens
should be cut from sheets parallel and perpendicular
to the suspected principal axis,

Conditions. Conditioning of test specimens should
conform to ASTM D618, Procedure A, 3See Section S10,01,

Pracedure - Preliminary. Speclmens less than €.020 in.
in thickness should be bonded to microscope slides by
gluing at 1/4 in. from each end, The microscope is te
be calibrated against standard stage micrometers.

Clamp the scratching stand to the microscope and place
a 3 gram weight on the spindle above the diamond point.

Procedure - Testing. The 3 gram weight is applied to
the specimen through the diamend needle which is held
in a level arm. The sample is to be moved at 0,25 to
0.30 mm per second, This corresponds to 2 turns per
second of the staging table crank,

Observations

a. Method A - Transmitted light, The scratch 1s to
be moved into the field af the microscope by adjusting
the mirror such that it is perpendicular ta the micro-
mater scale and cavses a well shaded image on the
mirror. The force is to be adjusted such that the
inside edges of bands Y and Z of Fig. 6,103.6a are
sharply focused. Measure the distance between the
boundaries ¥ and Z, Repeat this 3 times at each of
three ppints which are separated by at least 1 mm,

b, Method B - Reflected light, The groove is shown
as a dark band bisected by a faint line., Measure be-
tween respectived edges on the boundary of the groove,
¢, WNumber of specimens. At least 3 specimens should
be tested, For anisotropic materials, three specimens
are to be taken parallel and three normal to the sus-
pected principal axis,

d, Data, The data taken is the width of the scratch
resulting from the dismond tool. This is to be
measured within 5 min, after scratching unless re-
covery of the scratch is to be studied, Reproducibile
ity of the data should be within 1{ percent,

Report, Calculation of the Blerbaum hardness is given
as the load or the diamond point in Kilograws divided
by the squere of the width of the scratech in milli-
meters, The report shall include this value, identifi-
catien of the test material, thickness of the speci-
meng, method of measuring the scratch width, and the
axis selected for anieotropic materials,

Test Equipment. The Bierbaum scratching tool, which
is attached to the micrescope stage, consists af a
diamond point ground on three surfaces to form the
corner of a cube, No roundpess of this cormer is to
be present under a 2000X magnification, The load tool
should be capable of applying a 3 gram + 10 willigram
force. The microscope should have a magnification of
100 to 200X and be suitable for viewing by transmitted
light or by reflected light.

Measuring and Recording Equipment., None specified.
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TEST METHODS - MECHANICAL PROPERTIES

Impact Tests
Test T6.111 AST™M

Source, ASTM D256-56, Tmpact Resistance of Plastics
and Electrical Insulating Materials.

Specimen.

&, Method A - Izod, Specimen shall be as shown in
Fig, 6,11i.2a. Specimens taken from sheet mater~-
ial shall be oriented parsliel and perpendicular
to the length and sheet thickness shall be reduced
to not mere than 1/2 in. For sheets less than
1/2 in thick, specimens shall be laminated to
1/2 in, However, they may be tested individually
1f buckling and twisting do not occur under im-
pact loading., Molded specimens shall be notched
in the side parallel to the direction of applied
molding pressure. Notching is te be accomplished
on & milling machine or lathe, and all nicks and
burrs shall be removed.

b. Method B - Charpy. Specimen shall be as shown
in Fig. 6.111,2a except 1/B in radius rounded
edges shall be provided to fit supporta,

c. Method € - Cantilever ( 0.5 ft 1b per inchk of
notch). Specimen shall be the same as for Methed
A (See b,111.72a),

Conditions., Conditioning of test specimens should
conform to ASTM D-618 for purposes of cohtaining re-
producible results, See Section 510.01. Mo environ-
mental cooditions are specified by source.

Procedure -~ Preliminary.

a, Method A. The specimen should be rigidly clamped
in a vertical cantilever position in the impact
machine, The notch centeriine shall be level
with the tep of the clamping surface and the
notch pesitioned on the side away from the direc-
tion of impact. A jig is suggested to align
composlte speclmens and a torque wrench should be
used to tighten clamps to avoid erushing all
-gpecimens.

b, Method B. The specimen should be supported on
two rigid biocks in 8 horizontal simple beam
position in the impact machine., The center of
gravity of the specimen shall be on a line tangent
to the arc of the specimen striking surface. The
notch shall be positioned on the side away from
the direction of impact.

c. HMethod €. Same as for Method A {See 6.111.4a).

Procedure - Testing. The striking velocity of the
pendulum should be approximately L1 ft per sec. For
Method C, the "Toss Energy" must be determined. This
is measured by repositioning the broken section of che
specimen on the clamped end, which remains in the
apparatus, and notipg the energy required te toss the
broken portion of the specimen clear of the apperatus.

Observations. The number of specimens necessary to
substantiate a finding is five, TFor anisotropic
materials, five specimens shall be taken parallel
and five perpendicular to the principal axis.

Report, The following are te be recorded: number,
size, shape and position { in parent material ) of
the specimens; preconditioning; test conditions; and
fracture energy per inch of notchk. For Method C, the
tess energy shall he recorded.

Test Equipment. A standard pendulum type rigidly
congtructed impact machine shall be used. Tt shall
be corrected for windage and friction and shall be
aceurate to + 0.01 ft 1b for energy values of less
than 1 ft b, The center of percussion is te be at
the point of striking and the horizontal striking
edge shall have a radius of 1/32 i{n. The striking
edge is to hang 0.866 in above the top surface of the
vise.

Measuring and Recording Bquipment. The {mpact appar-
atus shall be equiped with a means of measuring the
impact energy absorbed by the specimen. This may be
accomplished by a direet reading pretracter type
scale.
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TEST METHOD - MECHANICAL PROPERTIES
Impact Tests
Test T6, E12 ASTM

Source. ASTM D1B22-61T, Tensile Impact Energy te
Break Plastics and Electrical Insulating Materials

Specimen., Specimens should be sanded, machined ov
cut to the dimensions shown in Fig, 6.112.2. It is
suggested that they be machined te 1/8 in. in thick-
ness, but this dimenslon can vary from 1/6 to 1/4 in,
The short specimen, Type 8, 1s used when a brittle
fracture is expected, while the longer specimen, Type
L, is used when a ductile failure may be expected.
Both types should be tested to study the effect of
elongation.

Conditions, These are to be as given in ASTM-D&618
unlesg otherwise specified, 8ee Section 510,01

Procedure - Preliminary. The specimen should be
positioned to give pure tension when the load is
applied, and such that no stress is present until the
impact loading takes place. The specimen is to be
clamped inte the ¢ross head while the cross head is
cut of the machine. Aligrment difficulties may neces-
gitate the uge of a jig. The specimen is then to be
clamped at the ather end to the pendulum,

Procedure = Testing. The pendulum velocity at strik-
ing should be 11,3 ftfsec.

Observations, At least 5 specimens should be tested
for isotropic materials. 1In the case of anisotropic
materials, 5 specimens should be prepared parallel and
5 normal to the direction of the principal axis, The
energy ta failure shall be observed,

Report. Corrected impact enetrgy is to be given as
fallows:

E-Y+e

corrected impact energy te break,
scale reading of energy to break,
windage and friction corrections, and
bounce correctien factor as given in
Source,

where®:

= Muowou

The report should also include the type of material,
specimen shape and preparation, number of spacimens,
average energy classification as to brittle or ductile
failure, and standard deviation of the impact enecrgy.

Test Equipment. The apparatus is to be of the pendu-
lum type with the center of percussion within * 0,100
in. of the point of contact of the striker. The
machine is te be of rigid construction,

Measuring and Recording Equipment., A measuring device
is to be attached to the machine to indicate the ener-
gy absorbed by the specimen, This 18 also to bhe used
to determine the windage and friction lLoss, WMeasure-
ments of specimens are to bhe determined with a ball-
type micrometer,

|
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TEST METHOD - MECHANICAL PROPERTIES

Inmpact Tests

Test T6.113 LP

Source: LP-406b Federal Specification for Plastics,
Organic: General Specifications, Test Methods; method
1071: TIzod Impact strength. (Note: Although not
identical, this method conforms in general to ASTM
D256-56, Method A; See T6, 111 ASTM.)

Specimen. Specimens should conform to Fig. 6,113.2.
The notch should he milled. For molded material, the
specimen should be parallel te¢ the direction of
molding.

Conditions. None given.

Procedure - Preliminary. The tep surface of the vise
should ke on the center line of the specimen notch.
Laminated specimens must be aligned and held close
together,

Procedure - Testing. The veloeity on impact should be
approximately 11 ft/sec,

Observations. The energy to fracture a specimen is to
be measured, This is to be corrected for windage and
friction losses within the apparatus,

Report, A description of the material should be given
as well as the energy in foot pounds per inch of notch.

Test Equipment. An impact tester ot the pendulum type
for cantilever heam specimens is ta be used. It should
he rigid and capable of recording to .01 ft-lb for
energies less than 1 ft-1% and to one percent through-
out the range of the instrument, The center of per-
cussion of the pendulum should be at its point of
striking. The striking edge of the pendulum should
have a 1/32 in. radius with its axis borizental.

Measuring and Recording Equipment, A means should be
provided to determine the impact value of the specimen.
This value is to be indicated on a graduated protrac-
tor,

TD. 400
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TEST METHOD - MECHANICAL PROPERTIES

Impact Tests
Test T6.114 LP

Source, LF-406b Federal Specification for Plastics,
Organic: General Specifications, Test Methods:
Methed 1874, Falling Ball Impact Test,

Specimen., The specimen shall be 12 in by 12 in by
the thickness of the material,

Conditionds. Kone specified.

Procedure - Preliminary. Specimen Is to be freely
placed in a horizontally in the mounting frame (Fig.
6,114,8) such that the falling ball will strike iL
approximately in the center.

Procedure - Testing. The ball {s Lo be dropped from
sucessively increased heights to a maximum of 20 ft
in 1 ft intervals.

Observations. The height of fall necessary to shatter
the specimen and & description of the failure, are to
be cbserved,

Repert. HNone specified,

Test Equipment. The specimen is to be freely placed
in the mounting frame shown in Fig. 6.114,8. The
weight of the steel ball shall be 1/2 lh.

Measuring and Recording Equipment. HNone specified.
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TEST METHODS - MECHANICAL PROPERTIES

Impact Tests
Test T6.115

Source. S.P.I. l4th ANTEC, "Tensile-Fmpact Measure-
ments on Reinforced Plastics", Section 12-C, pp 1-8,
195¢.

Specimen

a, BSpecimen machined from sheet material is shown
in Fig. 6.i15.2a,

b, Specimens preduced by injection-molding or com-
pression-molding are shown in Fig. 6.115.2b.

Conditiens. Nome specified by socurce.

Procedure - Preliminary. The specimen is placed with
one end in the fixed anvil of a pendulum type testing
machine., A cross-head is attached to the other end
of the specimen such that the swinging pendcelum
strikes it causing tensile impact loading. Care must
be taken to aBsure correct alignment of the specimen
in the machine.

Procedure - Testing. Two pendulums and two striking
velocities were used as indicated in Table 6.115.5.

TABLE 6.115.5

Pendulum | Striking Veloecity | Maximum
Ft per Sec Tmpact Energy
Delivered, Ft-lb

A 11 25
17 60
B 11 100
17 240

Observations. Data ko be recorded includes the
energy necesdsary to fail a specimen, velocity of the
striker at time of impact, and volume of the speci-
men. Windage and friction losses for the machine
and a loss factor for different specimens should be
determined,

Report., The size and shape of the specimen and com-
plete data on manufacturing and curing should be
reported.

Test Equipment., A modified B-L-H Impact Machine
was used with the specimen mounted o receive pure
tensile impact loadiog.

Measuring acd Recording Equipment. The energy im-
parted o the specimen is to be measured on a direct
reading protractor scale,
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TEST METHOD - MECHANICAL PROPERTIES
Burst Strength Tests
Test T6.141 ASTM

Source. ASTM DLLB0-57, Bursting Strength of Round
Rigid Plastic Tubing.

Specimen, Tube specimen size and depth of insertion
of plugs shall conform to Table 6,141.2. Specimen
ende shall be parallel.

TABLE 6.141.2

Nominal Specimen ) Plug Depth of
Inside Diameter | Length Length| Plug Insertion
in in in in
1/8 toz 1 2 1 /2 +1/8
>l tozg 4 4 2 1+ 1/4

>4 tog b 6 3 2+ 1/2

Conditions. Conditioning of test specimens should
conform to ASTM D618 for purposes of retaining re-
producible results. See Section §10.01.

Procedure - Preliminary, The specimen 1s to be
filled with very high viscosity hydraulic fluid (for
example, General Electric’s orgenosilicon}. The
plugs are to be inserted and seated firmly by hand
prior to placing the specimen in the apparatus.

Procedure - Testing. Crosshead speed is to be approx-
imately D.10 in/min to rupturs,

Observations., Five specimens shouid be tesced, and
the load to failure recorded.

Report., The report should include the type of material,
inside and ocutside diameter, ultimate load, burst
strength, test conditions and any flaws which may be
present in the specimens,

Test equipment. A constant load testing machine
meecing the requirements of ASTM 695, should be used
The diameter of the insert plugs is to be 0.001 to
0,003 in less than the inside dfameter of the speci-
men. The plugs shall have parallel ends.

Measuring and Recording Equipment. Not specified by

SOUTCR.
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10.0  SUMMARY OF STANDARD TEST PROCEDURES

10.01 Standard §10,01 ASTHM

10.011 Source. ASTM D61B-58, Standard Methods of Conditioning
Plastics and Electrical Tnsulating Materials for Test-
ing.

10.012 Standard Conditions

16.012.1 Standard Laboratory Atmosphere shall be an atmosphere
having a relative humidity of 50 + 2 per cent at a
temperature of 23 + 1 C {73.4 + 1.8 7).

10.012.2 Standard Laboratory Temperature shall be a temperature
of 23 + 1 C (73.4 + 1.8 F).

10,012,3 Standard Room Temperature shall be a temperature in
the range of 20 to 30 ¢ {68 to 86 F), in an atmesphere of
unspecified relative humidity.

10.012.4 Standard Test Temperatures Other Than Standard Labora-
tory Temperature. When data are to be obtained for
comparison purposes at a specific temperature elther
sbove or below the standard laboratory temperature, the
temperature should be selected from Table 10.012.4.

TABLE 10.012.4

Source ASTM D 61B-58
Test Temperature Tolerance +
c F < F
-70 =94 2.0 3.6
-55 =67 2.0 .6
-40 =40 2.8 b
=25 =13 2,0 3.6
] 32 .0 3.8
35 95 1.0 1.8
30 122 2,0 3.6
70 158 2.0 3.6
90 194 2,0 3.6
105 221 2.0 3.6
120 248 2,0 3.6
130 266 2.0 3.6
155 311 2.0 3.6
180 356 2.0 3.6
200 392 3.0 5.4
250 482 3.0 5.4
300 572 3.0 5.4

10,013 Cenditioning Prior to Test

10,013, 1 FROCEDURE &, Test specimens 0,25 in. or under in
thickness shall be conditioned in the Standard Labora-
tory Atmosphere for a minimum of 40 hr, immedlately
prior to teating., Test specimens over 0,25 in, in thick-
ness’ shall be treated as above, except that the minimum
time shall be 88 hr, Adequate alr circulation shall be
provided on all sides of test specimens by placing them
in suitable racks, hanging them from metal clips or lay-
ing them on wide-mesh, wire screen frames with at leastg
1 in, between the screen and the surface of the bench,
NOIE 1:
Procedure A is generally eatisfactory and is recom-
mended unless other methods are specified, Note that
Procedure A of Methods D 618 differs frem Condition A
of ASTM Methods D 709 and of the Armed Forces Specifi-
catione MIL-P designation in that Condition A means
"ag received, no special conditiomning",

NOTE 2:
If for any particular material or test, a specific
longer time of conditioning 1s required, the time shall
be agreed upon by the interested parties. Shorter con-
ditioning times may be used for thin specimens provided
equilibrium is substantially obtained,

10,013.2 PROCEDURE B, Test specimens shall be conditianed for
a period of 4B br, in a circulating air oven at a temper=-
ature of 50 + 2 C (122 + 3,6 F), The specimens shall be
removed from the oven and cocled to the Room Temperature
in a desiccator over anhydrous calelum chlorlde for a
period of at least 5 hr, for aspecimens 0.25 ia, or under
in thickness, and at least 15 br, for specimens over 0.25
in, in thickness, immediately prier to testing.

NOTE 3:
Procedure B is commonly used for the purpose of obtain-
ing reproducible test results on the thermosetting
materials by means of a short-time conditiening period,
ot where the specific effects of moderate drying are
to be determined, Other enclosures, desiccants, or
desiccating techniques may be used which produce and
maintain an atmosphere equivalent to that ever anhydrous
calcium chloride, Note that Procedure B of methods D
618 18 the same as Condition E 48/50 of ASTM Specifi~
cations D 709 and of the Armed Forces Specifications
MIL~-F designation,

10,013, 3 PROCEDURE €, Test specimens shall be conditioned for

a period of 96 hr. in an atmosphere of 90 per cent

relative humidity at a temperature of 35 C (95 F). The

tolerances for thie procedure shall be as follows: time

+ 2 br,, temperature + 1 € (1,8 F}, and humidity + 2 per

cent.

NOTE 4:
Procedure C is recommended whérever the specific effects
of exposure to severe aimospheric molsture are to be
determined,

NOTE 5:
It has been foumd that, for certain tests and materials,
mare reliable data are obtained in enclosures with
cireulating air rather than still agir, In such cases
enclosures with circulating zir should be used.

10.013, 4 PROCEDURE D, The specimens shell be conditioned by
immersion in distilled water for 24 + 1/2 hr. at 23+ 1
C(73.4+ 1.8 F).

1u,013,5 PROCEDURE E, The specimens shall be conditiocned by
immersion in dietilled water for 48 + 1/2 hr, at 50+ 1
€ (122 + 1.8 F}, and cooled by immersion in a sufficient
quantity of distilled water to reduce the temperature ta
23 € (73.4 F) within 1 hr,
NOTE 6:
Procedures D and E have been found useful in ASTM elec-
trical and mechanical tepts, and are used extensively
in Armed Forcea Specifications MIL-P designation.

10.013.6 PROCEDURE F, The specimen shall be conditioned in an
atmoaphere of %6 + 1 per cent relative humidity at g
temperature of 23+ 1 € (73,4 + 1,8 F) for a period of
time aa specified in the applicable materials specifica-
tion.

NOTE 7:
Constant relative bumidity can be ocbtained only by
careful temperature control, Procedures for maintaio-
ing close tolerances arxe outlined in Section 8(h} of
the Tentative Recommended Practice for Maintaining
Conatant Relative Humidity by Means of Aquepus Solutions
(ASTM Designatiom: E 104),

NOIE 8:
A considerable number of other procedures which might
be cansidered as functional are outlined in the Stand-
ard Methoeds of Test for Resistance of Plastics te
?ggglerated Service Conditions (ASTM Designatiom: D

NOTE 9:
It has been found that, for certain tests and materials,
more reliable data are obtained in enclosures with
circulating air rather than still air. In such caaes
enclosures with circulating air should be used,

10.014 Testa at Normal Temperatures.
10.014.1 Unless otherwise specified, materials conditicned in

the Standard Laboratory Atmosphere shall be tested in
the same atmosphere.
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1¢.014.2 Unless otherwise specified, materials conditiconed
according ta Procedure B shall be tested at Roocm
Temperature conditicns. The test shall be atarted as

3 soon 48 possible, but oot more than 1/2 hr. shall elapse

between removal of the specimens from the desiccator and ;

the start of the tests, $

10.014.3 Unleds otherwise specified, materials conditicned
according to Procedurea € and F shall be tested in the i
same atmosphere. x

10.014.4 Unless otherwise -specified, materials conditfoned
according to Procedures D and E shall be wiped
immediately with a damp cloth, then with a dry cloth,
and tested a2t Room Temperature. Specimens should only
be removed from the water as the tests are ready to be
cofiducted. The tests shall be started immediately and
completed as socn as possible,

T e e

19,015 Teats at Other Standard Test Temperatures. When tegts
are desired at Standard Test Temperatures prescribed in
Section 3(10.012.4), materials shall be transferred te
the test conditions within 1/2 hr,, preferably immediate-
ly, after completion of the preconditioning (according
to Procedure A or B), The specimens shall be held at
the test temperature for no more than 5 hr. prior to
test, and in no case for less tham the time required to
insure thermal equilibtium,

10.016 3election of Conditioring Procedure.

R 5 s

10,016,1 In the case of materials covered by ASTM specifica-
tions, rveference should be made thereto ta determine the
conditioning procedures to be used.

10.016.2 In the case of all other materials, the choice between
procedures should preferably be based on the one that
gives the moat reproducible test results.

g

10.017 Report. The report shall state the conditioning proce-
dure uoed and also the relative humidity and temperature
of the atmosphere in which the tests were made.
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10.0 SUMMARY OF STANDARD TEST PROCEDURES
10.02 Standard 510.02 LP

10.021 Source., LP-406b Federal Specification for Plastics,
Organic: General Specifications, Test Methods; General
Requirements (1951).

10.022 Standard Conditions

10.022.1 Standard Laboratory Atmosphere shall be 23 + 1 C (73.5
+ 2 F) and 50 + 4 per cent relative humidity.

10.022.2 Standard Test Temperature Other Than Standard Labora-
tory Temperature, When data are to be obtained for
comparison purposes at a specific temperature either
above or below the standard laboratory temperature, the
temperature should be selected from Table 10.022.2,

TABLE 10.022.2

DU
Source LP-406b 1951
Test Temperature
C F
=55 -67
~40 -40
=25 -13
0 32
50 122
70 158
77 170

10.023 Conditioning Prior to Test

10.023.1 For Standard Laboratory Atmosphere, (Section 10.022.1),
the conditioning period prior to test shall be 48 hours
for specimens 1/8 inch or less in thickness and 96
hours for specimens over 1/8 inch thick,

10.023.2 For Standard Test Temperatures Other Than Standard
Laboratory Temperature (Section 10.022,2), the
conditioning period at the testing temperature and
humidity shall be at least 24 hours immediately prior
to test, unless otherwise specified,

10.024 Specimen Selection and Number,

10.024.1 Specimens shall be obtained if possible from the
products to be tested, taken at random, and in such case
shall be raken in accordance with the requirements of
the specification covering the particular material. In
case it is not practical to obtain suitable test speci-
mens from the finished article, the manufacturer shall
furnish {(a) molded test specimens, or (b) sample sheets
as required by the specifications or the procuring
agency. The number of samples to be selected from each
lot shall be as specified in the material specification.

10,024.2 The number of specimens to be tested in each type of
test shall be as specified in the material specifica-
tion; if not so specified, at least five specimens shall
be tested.

10.024.3 In stating requirements under a material specification,
and in preparing specimens, consideration should be
glven to tte testing of specimens which are representa-
tive of both the thickest and the thinnest section of

the article, and where mechanical tests are involved,
the testing of specimens which have been cut, if
possible, lengthwise, crosswise and at 45 ¢, the
length, and also normal to the surface of the material,
and the loading of specimens both flatwise, and edgewise
wherever possible.

10.025 Test Results
10,025.1 Unless otherwise specified, the average of the results

for the specimens tested shall be used to determine
conformance of materials tested under this specification.

$10.02

10.025.2 Unless otherwise specified, results for specimens that

break at some obvious flaw or that do not break between
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the predetermined gage marks shall be discarded.

10,025.3 Unless otherwise specified, results that deviate from
the mean value of all tests shall be rejected {f the
deviation of the doubtful value is more than five times
the average deviation from the mean abtained by exclud-
ing the doubtful value.

10,025.4 Additional specimens shall be tested in place of any
for which the results are discarded in accordance with
these provisions.

10.026 Report

10.026.1 The report on each test shall include the following

information:

a. The name of the Government agency requesting the
test,

b. The name of the contractor, and the number and date
of the contract covering the material and/or parts,

c¢. The title, number, and date of the applicable
material specification.

d. Description of the material, including thickness,
type, source, manufacturer's code numbers, etc.

e. Type and dimensions of specimens.

f. DLocation and direction of specimens in the original
sample.

g. Temperature, humidity, and length of conditioning
period.

k. Such additional data which are stated herein under
the individual test methods.

i. Such additional data as may be required under the
wmaterial specification.

j. Any further information which may be considered
pertinent, particularly with reference to unexpected
behavior.

k. A brief description of the testing apparatus,

sufficient to identify it.






