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Introduction

Material properties
indicate how a material
will perform.

© General Electric Company 1989

Properties of Polymers
When manufacturing a product, a designer chooses a material that
meets the performance requirements dictated by the product and its
application. Any material, be it wood, metal, or plastic, is selected
according to its own inherent ability to meet these performance |
requirements. Every material has distinguishing characteristics that
indicate how well it will perform in a variety of applications. These
“distinguishing characteristics” are the material’s properties.

STK 401

Objectives: .
At the end of this module, participant should be able to:
* Describe five categories of properties used to
distinguish thermoplastic materials.
* Identify two sources of property information and
describe how to read them.

* Identify which tests are used to measure different
properties under various conditions.

® For a part that you are producing, identify the key
properties in the application.

Properties of Polymers
Numerous material properties are used to describe and compare
material performance. We are, of course, interested in the properties
that are used to compare and select thermoplastic materials. For our
discussion, we've broken them down into five categories: mechanical
performance, thermal performance, electrical performance, flam-
mability, and physical characteristics. Each of these categories con-
tains specific material properties that measure material behavior.
STK 402
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GE Plastics

Material Properties

v

Properties describe how well a material performs in a
variety of tests that simulate application requirements.

STK 403

4
Participant's Notes:
GE Plastics
PROPERTY, UNIT METHOD, IYPICAL DATA

MECHANICAL

Tensile Strength, break psi ASTM D 638 13300

Flexural Strength, break psi ASTM D 790 20000

Flexura! Modulus psi ASTM D 790 780000

Compressive Strength psi ASTM D 695 10800

Hardness, Rockwell R - ASTM D 785 109
IMPACT

1zod Impact, unnotched ft-1b/in ASTM D 256 12.0

I1zod Impact, notched ft-1b/in ASTM D 256 3.2
THERMAL

DTUL, 66 psi deg F ASTM D 648 400

DTUL, 264 psi deg F ASTM D 648 300

CTE, flow, 40F to 100F in/in-F ASTM E 831 1.50 E-5

CTE, flow, 140F to 280F in/in-F . ASTM E 831 110 E-6

Product Data Sheets report standardized test results
for material comparisons.
4
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Material properties fall

under several categories.

Sources of
Property
Information

Product data sheets
report standardized test
results.
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Material Properties

There are properties thatare attributed to thermoplasticsin general,
and to each resin product in particular. Thermoplastics, for ex-
ample, provide high heat performance —but how high? And polycar-
bonate is said to provide excellentimpact resistance — buthow much?
It is important for the product designer to know exactly “how high”

and “how much” to establish whether the resin will perform well

under the conditions set forth by the product application. Each resin
grade has its own property profile that indicates how well it will
perform in a given application. These properties are qualified and
quantified according to established industry standards on each
resin’s product data sheet. STK 403

et Data Sheei
Each resin is subjected to an assortment of standard tests. Engineers

oy

then report the test results on the resin’s product data sheet for
material comparison.

The product data sheet can only provide a “snapshot” of how a
material will respond in application. The test results can only meas-
ure how well a material will perform when tested under one distinct
set of conditions and variables. : 'STK 404
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Graphical data is used to describe a material's response to
changing conditions.
4
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Graphical Data
A graph, on the other hand, can provide an entire “motion picture”

A graph provides the of material performance. Graphical data is used to describe a mate-
entire performance rial’s response to changing conditions. A graph prdvides perform-
curve over a range of ance data over a range of conditions, supplying realistic information
conditions. that is ultimately more useful to the product designer. ~ STK 405

Why Make a Graph?

To understand the usefulness of a graph, consider the following
example. A child’s height was measured every two years from the ages
of 6 to 18, providing seven discrete pieces of information: seven ages

A graph is a more
complete picture of with seven corresponding heights. From these seven discrete facts, we
tabular data. can create a graph that reveals a range of information.

STK 406
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GE Plastics

How to Read a Graph
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A graph gives you a means of interpreting information on
many levels.

Participant's Notes:

GE Plastics

Engineering Graphs
High 4

Stress

~—— Stress is a function of strain

L o
o Strain >
e GE's Engineering Design Database contains graphical data.

¢ This data describes the material through its useful
performance ranges.

Participant's Notes:
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A graph allows you to
predict values or data at
specific points.

Engineering data can be
represented as graphs.

© General Electric Company 1989

How to Read a Graph
The increase in the child’s height is a response to hisincrease in age.
His age is the stimulus and is represented by the horizontal axis. His
height is the response to his age and is represented by the vertical
axis. Height is a function of age. That is to say, as he grows older, he
grows taller accordingly.

By plotting the seven sets of coordinates and connecting the points,
we can estimate how tall the child was at seven although he was never
measured then. This is an example of interpolation. And we can
interpret how tall the child will be at 20 though he’s still only 18. This
is an example of extrapolation. A graph allows us to predict data
values at specific points. STK 407

Engineering Graphs

GE’s Engineering Design Database (EDD) contains many plots
which use graphical presentations of data to thoroughly describe a
material's responses to independent variables of elongation, stress,
tempcrature, or environment. The Stress/Strain relationship is typi-
cal of these graphical presentations. By convention, a Stress/Strain
graph is generated by pulling a specimen at a constant rate (control-
ling the elongation of strain) and measuring the resulting stress (or
resistant load) in the specimen. The graph shows how stress changes
as we vary the strain - hence the plot describing the Stress/Strain

relationship in the material when Stress is a function of Strain.
STK 408
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GE Plastics

Stress vs. Strain

Deflection (Strain)

Light Load Heavy Load Failure

Participant's Notes:

GE Plastics

How to Read an Engineering Graph

High 4 |
,/ Yieid stress!
=) > 7/
H &/
A g4 Break Point
/
W/ :
on| ¥J |
Elongation to Break !
7 ‘A ——— = -

Strain (Deformation)
Data sheet properties are developed from engineering graphs.
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