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Foreword

This. book describes the status of research on metal and polymer matrix com-
posite systems by government and commercial laboratories. It presents data on
mechanical, thermal and physical properties of these advanced metal matrix
and polymer matrix svste;zs.

Metal matrix composites (MMCs) have advantages over monolithic metals which
include better fatigue resistance, better wear resistance, better elevated tempera-
-ture properties, higher strength-to-density ratios, higher stiffness-to-density
ratios, and lower coefficients of thermal expansion. MMCs also have advantages
when compared to polymer matrix composites, including higher functional
temperatures, higher transverse strength and stiffness, no moisture absorption,
better conductiveness, and better radiation resistance. MMCs also have disad-
vantages including high costs, newer technologies, complex fabrication methods,
and limited service experience.

Polymer matrix composites are highly anisotropic. Strength and stiffness are
high parallel to the fibers, but low perpendicular to the fibers. PMCs have stress-
strain curves that are generally linear to failure. Polymer matrix materials result
in composites that have higher specific tensile strength and stiffness properties.
Polymer composites are more advanced in fabrication technology and have
lower raw material and fabrication costs.

The information in the book is from Advanced Materials Research,Stat"us and
Requirements. Volume [—Technical Summary, and Volume I/--Material Prop-
erties Data Review, prepared by Jonathan A. Lee and Donald L. Mykkanen

of BOM Corporation, for the U.S. Army Strategic Defense Command, March
1986.




i Foreword

The table of contents is organized in such a way as to serve as a subject index
and provides easy access to the information contained in the book.

Advanced composition and production methods developed by
Noyes Data Corporstion are employed to bring this durably
bound book to you in a minimum of time. Special techniques
are used to close the gap between '‘manuscript’’ and "“completed
book.” In order 10 keep the price of the book to a reasonable
level, it has been partially reproduced by photo-offset directly
from the original reports and the cost saving passed on to the
reader. Due to this method of publishing, certain portions of
the book may be less legible than desired.

NOTICE

The materials in this book were prepared as
accounts of work sponsored by the U.S.
Army Strategic Defense Command. Publica-
tion does not signify that the contents
necessarily reflect the views and policies of
the contracting agency or the Publisher, nor
does mention of trade names or commercial
products constitute endorsement or recom-
mendation for use. To the best of our
knowledge the information contained in this
publication is accurate; however, the Pub-
lisher does not assume any liability for
errors or any consequences arising from the
use of the information contained herein.
Final degermination of the suitability of any
information or product for use contem-
plated by any user, and the manner of that
use, is the sole responsibifity of the user. We
recommend that anyone intending to rely
on any recommendation of materials men-
tioned in this publication should satisfy him-
self as to such suitability, and that he can
meet all applicable safety and health stand-
* ards. We strongly recommend that users seek
and adhere to the manufacturer's or sup-
plier's current instructions for handiing each
material they use, or equipment they utilize
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1. Introduction

1.1 Purpose. This document is Volume 1 of a two-volume report
describing the status and requirements of the advanced composite materials
research in government and commercial laboratories. This task consists of
reviewing and evaluating the advanced composite materials which might
provide a major step forward in the performance of strategic defense inter-
ceptors. This task focused on the appiication and use of the available and
near-term (5 plus years) advanced composite materials. Because of the time
limitation, the scope of the technical material goals examined is
restricted to advancements in composite materials with polymer and metal
matrices. The cost analysis herein is 1imitéd to an estimation of the
expected raw material costs in the five-year time period. The information

contained jn this study is the result of a thorough search of the Qefense

“echnical Information Center (DTIC) 1iterature, contractor reports, the
Hetal Matrix Composites Information Analysis Center (MMCIAC), and open 1it-
erature. The material examined covers 'the period from 1975 to mid-1984.
Jolume I] presents data on the mechanical, thermal, and physical properties
¢f general interest advanced metal matrix and plastic (poiymer) systems.
Because advanced composite uaterﬂ'ns are in a state of evolution in terms
of property improvements, it is not pos§1b1e to provide final propérty val-
ues in the same sense as those now available for conventional metal alloys.
However, Volume [I is intended to inform the reader in general terms rather
than to serve as a standard sourcebook for the advanced composite systems.

1.2 Applications. This document provides a review of several of the
most prominent metal matrix and polymer matrix composite materials. The
systems that have been chosen for this study are being serirpusl y considered
for, engineering structural application to U.S. Army Strategic Defense

Command (USASOC) advanced material systems. Figure 1-1 shows the advanced

materials examined in this stydy.:

! Graphite,‘ boron, Kevlar, silicon carbide, and fiberglass are the prin-
cipal reinforcement materials considered. Although not truly an advanced
reinforcement, fiberglass is included because it is used extensively in

2
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military and commercial systems and _pro'ducts. Aluminum, magnesium, and
titaniym are the most important °*metal matrices. Epoxy, phemolic, and

polyimide are the most important polymer matrices. V.
» &
REINFORCING AGENTS MATRIR MATERIALS
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Figure I-1. ' Advanced ¢ site materials selection for
USASDC material program study.
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Figure 1-2. Application of metal matrix compousites for
advanced endoatmospheric interceptor struct:ecs.
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Figure 1-3 shows how MMC materials may be applied to advanied exoatmu-

spheric interceptor structures.

Key

requirements for exo interceptor

structural design include minimum body weight, high oody stiffress, hard-

ness to nuclear and directed energy weapons (DEW}, and Tow cost.

Potential

uses of MMC materials for exoatmospheric interceptor structures can also be

found in ki1l vehicle (KV).external 2

nd sensor inteenal structures.

KEY_REQUIREMENTS

©LOW COSY

SAAIMLALYS WEICHT

«STIFPMESS

SHARDHESS TO NUCLEAR AND DEW

* ATJRIBUTES Of iWiaC

1 oHIGH SPECIFIC STIFRNESS

" oHIGH FLECTRICAL CONDUCTIVITY
*i1GH THERMAL CONDUCTIVITY
oHIGHER DEGRADATION TEMPERATURE

"

I IIIIIIIIPY

CIPIIRIILEVNS IEi

POTENFAL ACPLICATIONS
oKL VERKICILE Vi EXTERMA S IRUCTURE

oKV SENSOR WNTERNAL 5 [KUCIURES
UAIRRORS, TMP SHIELDS, SUPPORT)

e i -

A% Nana e ai

Application of metal mat=ix composites for

e 5.

S‘advanced exoAumoSpheric Anterceptor structures.ion




2. Material Selection Criteria

~ The material selection criteria of a composite.material system for an

advanced interceptor structure are based__' on the material design
reﬁuirements and the material selection factors. . The material design
requirements include the key requirements for interceptor structure design
and the material physical properties and characteristics.

2.1 Design Requirements. The key design requirements for advanced
interceptor structures are minimum body weight, high body stiffness, and
high body strength at elevated temperatures. In addition, the launch and
nuclear threat environment survivabﬂity' constitute a significant factor in
structure design requirements. Figure 2-1 summarizes the structural
environmental threats.

At any time during a flight, the interceptor may be subjected to blast
and radfation loading from a hostile weapon. The interceptor structures
may also be subjected to excessive heat loads from thermal radiation and
aerodynamic loadings. The interceptor maneuvering loads, inside and
outside the atmosphere, provide axial and lateral loads to the structure.
Therefore, in selecting candidate materials for use in interceptor support
structure, the material design requirements must be carefully evaluated to
ensure adequhte thermal protection, structural strength, and nuclear
hardening of the interceptor structure.

The materia) design requirements or drivers result in materials with
high specific strength and modulus to meet the minimum weight penalty.
Table 2-1 summarizes the properties and characteristics of advanced
composite materials for interceptor structural application. However, the
material property requirements are not Jimited to standard mechanical
characteristics such as longitudinal strength, transverse strength, shear
strength, etc., but also include other required properties and
characteristics such as coefficient of thermal expansion, specific heat,
damping loss factor, laser hardness, etc., as shown in Table 2-1.

6
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TABLE 2.1 Waterial Selection Propertfes and Characteristics.
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2.2 Selection Factors. The second material selection criterion is

the material selection factors. The selection factors for an advanced com-
posite material system are summarized in Table 2-2. 'As an example, some
critical selection.factors include an available data base, material availa-
bility on demand, and low material cost. For the available data base
factor, it should be noted that scme of the material data are specific to
certain applications and perhapé" not necessarily of interest tc USASDC.
However, a complete material data base will include the material design,
analysis, processing, ‘and mechanical properties. At the present, an
important factor for the material data base is the general lack of informa-
tion provided for tne samples being tested and veported. The quality and
properties of a material vary not only with processing conditions, but also
with time and probably some undefined variables. :

Another impqrtant selection factor is the composite material cost.
Presently, ' high cost is’a primary barrier to Targe scale use of advanced
composite material systems. It results from high cost and Structural fab-
rication ‘cost “of ~raw teinforcement materials. It is ' expected that
significant cost Feduction will “occur: in the material quality control
inspection and marufacturing of composite hardware with incréased produc-
tion. These cost reductions will occur primarily because of increased
automation, decreased raw material cost, and decreased cost as a result of
the learning curve. : S

TABLE 2-2. USASDC Advanced ;atem’al Selection Factors.

i — r 5 52

e AVAILABLE DATA BASS
- 'DESIGN !
- ANALYSIS :

. ~ _PROCESSING pond

- MECHANICAL PROPERTIES -

MATERIALS AVAILABLE ON DEMAND

LOW MATERIAL COSTS
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RELIABLE ; -
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