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ERRATA

Introduction, 2nd para, 3rd line......situations previously
considered.....

Page 8, Ethylene-Propylene. Add immediately below (co-polymer)
"Abbreviation: EPM"

Page 8.Add immediately above existing Abbreviation (Terpolymer)
Page 9. Fluorosilicone Abbreviation to read FVMQ.

Page 9. Natural Rubber under Abbreviation add NR

Pige 12.Polysulphide under Abbrevation RE to read TR

Page 13 Polyurethane under Abbreviation to read EU (Ether type)
Page 13.Silicone, under General Remarks‘add to existing sentence

"Generally poor in hvdrocarbon
fluids."

Page 18, para 4.4, last line,  in Section 2.

Page 29. resilience. lst line....energy returned....
compression strain. 1st line....Ratio of....
I.R.H.D. 1st line.....magnitude of which....
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INTRODUCTION

Rubber plays an increasingly important role in modern aeronautical
engineering.

The establishment, principally in the last two decades, of a
wide range of new elastomeric polymers, has permitted the use of
rubber components in environmental situations considered
impossible.

Engineering in rubber involves new disciplines and consideration
of properties not normally encountered with metals. The purpose
of this handbook is to explain those properties and their effect
on the design of rubber components for use in aircraft.

1]
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PROPERTIES OF RUBBER

Elastomeric materials are characterised by a molecular bond
structure which imparts the ability to stretch and to return
to (or near to) the original state. The addition of
chemical linkages of varying types endows the molecule with
enhanced properties. These properties are typically
measured as defined below.

STRESS/STRAIN PROPERTIES

Hardness

Hardness provides the measure of the stress/strain relation-
ship of rubber at small deflections. It is measured by
deformation of a standard sample of the rubber by a

standard indentor under a standard load, the indentation
being expressed in arbitary units. 7The preferred units are
International Rubber Hardness Degress (I.R.H.D.) and the
practical overall range covered is from about 30 IRHD (very
soft) to about 90 IRHD (very hard), the 8cale being
logarithmic. For practical purposes 10 degree steps are
used within this range.

NOTE: The '“SHORE A" hardness scale is now obsolete in
Britain, and its continued use is deprecated. It
was approximately similar to the IRHD scale now in
International use.

Elasticitz

Elasticity is the property of rubber to return to its original
form upon removal of the load without regard to the time
required. The stress/strain relationship of rubber
materials is complex and contains a viscous element with
introduces a time-dependent factor. Recovery from the
stressed state may be appreciably delayed, particularly at

low temperature,

Resilience

Resilience or f'bounce?, is the measure of the percentage of
the stored energy which is recoverable after removal of the

-load, and is time-dependent. Although a rubber can have a

high elasticity it may have low resilience due to the delay
in recovery.

Hysteresis
Hysteresis is the term given to the energy which is not
recoverable when a rubber is released from load and results

in temperature rise within the rubber. It is due to the
viscous element of the stress/strain characteristics.
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1.1.5 Creep

When rubber is subjected to continued stress over an
extended period of time it slowly changes its shape
permanently, i.e. it creeps.

1.1.6 Stress Relaxation

In conditions of continued strain the phenomenon of creep
will produce a reduction, or relaxation, of stress.

1.1.7 Tensile Strength and Elongation at Break

These allied properties are measured at the point at which
the rubber ruptures under increasing stress. For practical
reasons the stress is related to the original cross
section. The elongation is expressed as a percentage of
the original length.

NOTE:: The use of 'modules® (or tensile stress at given
elongation) is not now commonly used in

specification control.

1.1.8 Compression Set

Compression Set is the residual contraction in a rubber
resulting from compression under specific conditions. It
is generally recorded as a proportion of the initial
deflection.

1.1.9 Qynamic Fatigue

Repeated cyclic deformations produce thermal and mechanical
changes in rubber which lead to fatigue. The magnitude
and distribution of the stresses are important and it is
necessary to obtain data from tests on an actual component
to enable a satisfactory design to be evolved.

1.2 OTHER PHYSICAL PROPERTIES

1.2.1 Thermal Properties

All rubbers have a high thermal expansion. In certain
conditions the contraction of rubber at low temperatures
may produce leakage in sealing applications or adhesion
failure when bonded to other materials.,

Thermal conductivity of rubber is related to the rubber
polymer and compounding ingredients; some control is
possible by suitable formulation. For dynamic applications
where internal heat is generated thermal conductivity will
influence the temperature rise in the rubber.

1.2.2 Electrical Properties

The electrical resistance of a rubber is mainly governed by
composition, e.g. rubbers containing carbon black may

have poor insulating properties. By suitable selection of
fillers and the proportion incorporated in the compound,
rubbers having electrical properties ranging from insulating
to conductive may be produced.
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1.3 ENVIRONMENTAL RES ISTANCE

1.3.1. Temperature Resistance

Each rubber polymer has its own intrinsic temperature
limits of usefulness, although these are capable of some
modification by formulation. Higher temperatures may be
permitted for short term usage.

Low temperature resistance depends on the characteristics
of the rubber and can be modified somewhat by formulation

also,

1.3.2 Atmospheric Resistance

Oxygen, ozone, moisture and sunlight (u.v. light) are the
principal causes of the degradation of rubber, the rate of
degradation depending upon temperature, stress and the

nature of the rubber. The choice of the rubber polymer
is the most effective measure to minimise these effects
although formulation can give useful control. Since

deterioration proceeds from the surface, thins section
components deteriorate more rapidly than those of thick
section.

1.3.3 Resistance to Aircraft Fluids

Most rubbers are affected to some degree by the fluids used
in aircraft, generally producing some loss of physical
properties and swelling. Careful selection is therefore
necessary to minimise the effect of all likely contaminants.
For some applications, the need to provide resistance to
several fluids, e.g. the underside of an aircraft, results
in conflicting demands which may be difficult to satisfy,
leading to compromise, or the choice of a more sophisticated,
and therefore more expensive, rubber.
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Range of Rubbers

(and their principal characteristics)

2.1 The properties of rubber materials are principally dependent
on the polymer (or co-polymer) from which the final
material is compounded.

2.2 In practice, compounding with additives such as fillers,
reinforcing agents (i.e. those which enhance certain
mechanical properties) plasticisers, curing agents, etc,
can be used to vary such characterstics to a limited
degree; often a particular property can be accentuated,

usually at the expense of others. Brief notes on the
effect of such compounding are recorded against each
polymer.

2.3 Only a limited range or rubber polymers is commercially
available, and their general characteristics are described
below.

2.4 NOTES: 1.These are presented alphabetically by their
chemical and/or common names. For trade names
and specification details, refer to notes at end
of section.

2.In references to temperature "long term' means

thousands of hours, 'short term!" means tens of
hours.,
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Polymer Principal Characteristics General
Description Remarks
Property Quality
Acrylate See Polyacrylate
Butyl Seg Polyisobutene
- isoprene
Chlorosulphonated 1. Tensile strength Moderate Principally
- polyethylene 2, Compression Set Moderate used for
3. Weathering resistance Very good electrical
4., Ozone resistance Very good cable
Abbreviation: 5. Temperature capability coverings
CSM ° and as
Low - 40°C surface
High (short-term) + 150°C coatings
(long-term) + 120°C (sprayable)
for general
6. Fluid Resistance good
resistance
Phosphate esters Poor to
Di-esters Poor environment :
' Mineral fluids Moderate also thermal
Fuels Moderate insulation
Others - : for rocket
motor.
7. Abrasion/tear resist- Very good
tance
8. Flame resistance Good
9. Permeability to gases Very low
10. Availability of Bright colours | COST:
colours possible Moderate
Epichlorohydrin 1. Tensile strength Good A new group
2. Compression Set Good of polymers
3. Weathering resistance | Good and co-poly-
4. Ozone resistance Good mers not yet
Abbreviations: 5. Temperature capability well-~
CO and ECO ° established.
Low - 40 Co
High (short-term) + 150°C Some corros-
(long-term) + 120°C ion problems
- have been
reported witl
metals in
6. Fluid Resistance contact
Phosphate esters Poor
Di-esters Good
Mineral fluids Good
Fuels Good
Other =
7. Abrasion/tear resist- Moderate
ance
8. Flame resistance Good
9. Permeability of gases Very low 1 Cost:
10, Availability of Black only Moderate
Colours
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R Principal Characteristics General
Description Property Quality Remarks
Ethylene- 1. Tensile strength Good A range of
Propyvlene 2, Compression set Moderate polymers
(co-polymer) 3, Weathering resistance Good with
4, Ozone resistance Good character-
5, Temperature capability istics
o ' which can
Low - 50°C be widely
High (short-term) + 140°%C (120 |varied
for EPDM)
(long-term) + 105°C
Abbreviated: 6. Fluid Resistance EPDM 1is
EPDM preferred for
Phosphate esters Very good extrusion
Di-esters Poor but has
Mineral fluids Poor somewhat
Fuels Poor lower
Other Good with properties
castor-based
fluids.
' 7. Abrasion/tear resistance| Good
8. Flame resistance Poor
9. Permeability of gases Moderate COST:
10. Availability of colours Bright colours Low
available
Fluorocarbon 1. Tensile strength Good A range of
2, Compression set Good high-
Abbreviation: 3. Weathering resistance Good temperature
FPM 4, Ozone resistance Good rubbers with
5. Temperature capability very good
resistance tc
o most aircraft
Low - 20C * fluids but
High (short-term) + ZSOZC with some
(long-term) + 200°C " |loss of
strength at
6. Fluid Resistance high
temperatures.
Phosphate esters Poor
Di-esters Very good
Mineral fluids Excellent
Fuels Excellent Hardness
Other - range above
55 IRHD
7. Abrasion/tear resitance Good only
8. Flame resistance Good
9. Permeability to gases Low
10, Availability of colours A few dull COST:
colours only Very high
* Suitable
for static
sealing down
to -40°C.
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