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Introduction

Material properties
indicate how a material
will peform.

@rties of Polymrs
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 materiai has distinguishing characteristics that
indicate how well it witl perform in a variety of applications. These
"distinguishing characteristics" are the material's properties.

sTK 40r

Objeaiua:
At the end of this module, participant should be able to:

. Describe five categories ofproperties used to
distinguish thermoplastic materials.

' Identi& two sources of property information and
describe how to read them"

o Identifywhich tests are used to measure different
properties under various conditions.

c For a part that you are producing, identif,y the key
properties ira the aoplicatiom"

ffiwpwffics *f tr*hyxaam

Numerous rnaterial propertres are used to describe and compare
material performance. We are, ofcourse, interested in the properties
that are used to compare. and select thermoplastic materials. For our
discussion,we'vebroken them down into five categories: mechanical
performance, thermal performance, elecrrical performance, flam-
mability, and physical characteristics" Each of these categories con-
teins specific material properties that measure material behavior.

sTK 402
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Material Properties

Propcrttcs dcgcrlbc hos wcll a matcrlal perforus ln a
varicty of tcsts that simulstc appllcatlon rcquircmcnts.

4

srK403

Participant's Notes:
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Product Data Sheets
PROPERTY

MECHANICAL
TEEsilc Strcugttr, brcalr
Flcxual Strcogttr. brEal
FIG*uraI Modulu,s
Compressivc Stlengtll
HatdDcss, Rod(wdl R

IMPACT
Izod IEpacL uuotchcd
lzod ImpacL Dotchcd

THERMAI
mUL,66 psi
mUL. 264 psi
CTE, Ilow.4OF to lfi)F
CTE, rlor, 14OF to 28Of

UNIT METHOD TYPIEAL DATA

Pst
Pat
Psl

l"'

ASTM D 634
ASTM D 79O
ASTM D 79O
ASTM D 695
ASTU D 785

1330()
20()00
7AOO0O
r(,800
l09

ft-lb/in
ft-lb/tr

ASTM D 256
ASTU D 256

l2.o
32

dcg F
dcg F
tn/18-F
h/b-r

ASTM D 648
ASTM D 648
ASTL E 83r
asTr( E 831

40()
3()0
l.5O F/5
LIOEE

Product Data Sheets report stanclartliiz€d t€t reultc
for uaterial comparisons"
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Material properties fall
trnder several categories.

S*ffirees'sll
ffroperty
Information

Product data sheets

report standardized test

results.

Matsial hoprtia
There are properties that are attributed to thermoplastics in general,

and to each:resin product in particular. Ihermoplastics, for ex-

ample, provide high heat performance - but how high? And polycar-

bonate is said to provide excellen t impact resistance - bu t how 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 qualilied and

quantified according to established industry standards on each

resin's product data sheet. STK403

Eacla resira is subjecred Eo an assortr&ent of standari tescs" Enginaer:;

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, rrariables. STK404
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Graphical data ls uscd to dcscribc a matcrlal's rcspotrsc to
FhargiEg couditions.

GE PE,stlcs

Graphical Data
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Why Make
Scvco Plcccg of lnforoatlon

a Graph?
A raDgc of lnformatlon
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A gfaph provides the
r entire perfonnance

curse over a range of
conditions.

A gf"ph is a more
complete picture of
tabular data"

Graphiml Data
A graph, on the other hand, can provid.e an entire "motion picture"

of material performance. Graphical data is used to describe a mate-

rial's response to changing cond.itions. A graph provides perform-
ance data over a range of conditions, supplying realistic information

that is ultimately more useful to the product designer. STK 405

w*:--l&ffiffi* ' :Yfifrtr
.., ,t,l

To usaderstareci 'rne usef"uiracss of a graptr, corasa<1er i-tae folLovnng

example. A child' s height was measured every two years from the ages

of 6 to 18, provid.ing seven discrete pieces of information: seven ages

with seven corresponding heights. From these seven discrete facts, we

can create a graph that reveals a range of information.
sTK 406
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How to Read a Graph
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.r* Prcdlctlon

Mcaaurcd Data
{Hclght ls a functlon of agcl

Predlctlon

Stimulus (ABel

A Sraph glvcs you a rncasa of lotcrprctlag lnformatioa on
many lcnels.
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Engineering Graphs
Htgh

Low

Participant's Notes:

Strcss ls a furctlon of straio

6
E

o

o GE's EnglDccrlng Dcsign Databasc c-ootrins Srapbical dat&
. Thls data dcscribcs thc matcrlal through lts uecful

pcrformanec ranges.
4
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A gruph allonrc you to
predict value-s or data at
specific points.

Engineering data can be

rqrresented as Saphs.

How to Read a Graph
The increase in the child's heightis aresPonse to his increase 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 verticai

uris. Height is a function of age. That is to say, as he grows older, he

grows taller accordingly.

Byplotting 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 exampte of exuapolation. A graph allows us to predict data

rm.lues at specific points. STK 40?

ffingdneev:weg #rwp&as

GE's Engineering Eesigm Database (EDD) contains many plors

which use graphical presentations of data to thoroughly describe a

material's responses to independent variables of elongation, stress,

temperahrre, or environment. TtIe Stress,/Strain relationship is t1.pi-

cal of these graphicat presentations. By convention, a Stress/Suain

graph is generated by pulling a specimen at a constant rate ( con trol-

ling the elongation of strain) and measuring the resulting stress (or

resistantload) in the specimen. The graph showshow suess changes

ari we rnry 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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Stress vs. Strain
Dcflcction (Strai!)

wla.l
l3trE9^

t-) E) E)

Light Load Heavy Load Failure
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How to Read an Engineering Graph
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Straln (Dcloroatlon)

Data sbcct propcrtlcs are dcvclopcd from cnglncering graphe
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Stress carses a certain
deflection (strain) -
ultinately, a great

enoug! ermount of stress

wiII cause faihre.

Graphical data contains a

lot of information"

Srress us. Strain
Stress/Suain relationships are not just an academic venture. AIl
around us in the physical world are examples of materials being
deformed which demonstrate this relationship. When a fish in the

lake grabs your hook and starts to run with the line, he feels an

increasing resistance from the fishing pole which tries to resist

bending. The fish is doing a pure measure of the Stress,/Strain

relationship in the fishing pole - in this case he is controlling the

strain and feeling the resulting stress from the rigidiry of the pole. But
the same relationship could also be measured by controlling the

stress and watching the srain change. While this is not Practical in
the laboratory, itis often seen in nature. When the wind blows, the
trees respond bybending. The bend (or strain) in the uee will be pro'
portional to the wind load (or stress). If the uee is brittle, the tree wiil
reach a maximum strain and breal<. However, if the tree were made

of rubber, itwould bend to some maximum amount - beyond which
more wind would cause no change. For this reason, it is more
practical to describe stress as a flunction of strain (because we can

continue to deform a marerial long after it has yielded and reached

a maximum resistance or stress) 
STK4,,

Wozs fi@ WMd ara trngfueerbeg Grapfa
T'his is the kind oflusef,ul information that is available on an engineer-
ing graph. The curve describes the increase in tJ:e stress on the
material as the strain on the material increases. The more we pull on
the tree and strain ttre material, the greater the stress the material is
forced to withstand. In an engineering gpph, stress is a function of
strain.

A load is placed on a material that causes it to deform, and this
deformation in turn creates stress on the material that is comparable
to the applied load. An engineering curve shows us the mocimurn
load the material will withstand and still recover, or the farthest the
material will bend and stili return to its initial position (yield) . It also

shows us at what point *re material yields or bends so far that it will
not rehrrn to its.initial orientation, even after the load is removed.
Finally an engineering graph shows us the point at which the mate-
rial fails, or breaks. The elongation to breakis the degree of deforma-
tion atwhich the material will brealc.

The maximum load the materialwi*rstands before brealing is then
recorded as the suength of the materid. Data sheet properties are
developed from engineering graphs. STK4fO
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Properties of Polymers

Mechanical Performance
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Mechanical Properties
o Modulus (Stiffness)
e StrenElth
o Impact Strength
o Hardness
o Elongation
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Thermal Performance

Electrical Performarlce

Flammability

Phys ical Characteris tics



Mechanical

Mechanicai

performance.

There aremany
mechani cal properties.

@rtia of Pobyners

There are avariety of different loads that can be applied to a material.

Weight, heat, and electricity all cause stress to a material and may

eventually cause it to fail. A material is tested under these rrarious

kinds of load and the information is recorded graphically to reveal a

range of data that ind.icates the material's mechanical, thermal, and

electrical properties. For example, the ma<imurn stress that the ma-

terial withstands before failing mechanically is recorded as its me-

chanical strength. STK411

lVdee&easadwdffiwperf aes

There are severaX differenat kinci.s o{ fi}echanicai properties ctaat are

important for material selection. Properties such as stiffness, impact
resistance, hardness, and elongation all indicate important kinds of
mechanical performance. STK412
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Modulus (Stiffness)
Moduluc rcfers to a oatcrial's rcsistancc to deformation undcr load:

Samc
Modulus

Samc
Load
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Same Modulus / Different Load
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Modulus refers to a
material's resistance to
deformation.

This is a graphical
representation of the
steel vs. O..1 exarnple"

Moduhrs (Sffiness)

Just to r.view, me bending of the tree was a kind of deformation.

Deformation refers to the change in displacement of a material

versus ic initial orientation. Modulus refers to a material's resistance

to deformation under load. The same material will show more defor-

mation under a Breater load than it will under a smaller load. For

example, this piece of steel shows more deformation under the

weight of a truck *ran it does under the weight of a man. This is an

example of the effect of nvo dilferent loads on a material of the sarne

modulus.

In addition, the sameloadwill showmore deformationwhen applied

to a material with a lower modulus than it will when applied to a
material with a higher modulus. For example, rhis piece of plyrarood

shows more deformation under the weight of a man than this piece

of steel displays under the same load. This is an example of two

different mod.uli under the same load. STK4I3

furne fuf,odutus lffiwmt E88d
Consid.er this graphical representation of the sarne modulus und.er

different loads. Modulus is determined by measuring the slope of a

material's stress/strain curve. This straight line shows the modulus of
ttre steel. As you can see, the deformation, or strain, caused, by the
man is considerabtyless than the material deformation causedby the

tnrck. The tmck is a heavier load than ttre man, and therefore a

greater applied stress. STK4I4
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Same Load / Different Modulus
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Modulus vs. Strength

Modulus
(Stlffness) Strengttr BtlL

2,OOO,OOO PtiI Hlgh
a
Et
t,

.brlk Brcata
2,(XX),(XX) PSI los

Strsiro

Fcncdl & chdk bavc thc samc modulus (slopc of thc Unc)
but tlrc pcncil ls Euch sttonger tiao tbc chalk.
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This is a graphical
representation of the
ptrnYood vs. steel

example.

Strength and modulus
are indqlendent.

fume l-oad /Diffqent Moduhts
Now consider this graphical representation of the nivo different
moduli under the same load. The steel and the plyruood have two

different moduli, so their moduli are indicated by nuo different
slopes. The steel's highermodulusis representedby the steeper [ine:
While the plywood's lowermodulus is represented by the flatter line.
As you can see, under the same constant load, the steei shows less

deformation than the plyrnood. STK 415

fuf,adufllras am",Sf'rengf&

Moduius and. strength are huo sneclranical properties that are oftem

confused. To better understand the differentiation, notice how nvo

materialswith the same modulus can have totally different strengths.
Themodulusof the penciland the chalkis the same, andis therefore
indiqated by the same slope. But the chalk is not as strong as the
pencil and. therefore fails, or breals, at a much lower load than the
pencil. Since sueng*r is measured by the maximum load, a material
can withstand before breaking, you can see that the pencil can

wittstand a much higher load and therefore has much higher
strength than the chalk. STK416
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GE Pbstlcs

Mechanical Strength
Streagtb refcrs to thc marimum load a material

con Support bcforc yicldtng or brea.kiag.

lbnsile
Strcngth

Pult

Flexural
Strcngth

Bcnd

Compressive
Strcngth
Squcczc

Participant's Notes:

@ GE P{astics

Tbnsile Strength

TEnsllc strcagttr ls thc Esximum pulllag loqd a matcrial
car support beforc yicldlng or breahlng.
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Strength is the maximum
stress a material can

support before yielding
or breaking.

Tensile strength is the
maximum pulling siress

a material can sqpport
before yielding or
breaking.

Mednniul Stength
Strength refers to the marimum load a material can s-uPPort befo-re

yielding or breaking. Mechanical strength can refer to a material's

ability to withstand such mechanical stresses as pulling, bending, or
squeezing. The material's ability to withstand these loads is then re-

corded as tensile, flexural, or compressive strength. STK 417

'Tevasd&e S'dr#€€ffi.,iilWaasricwtdste,

Tensile stremgth is tite srnaxixntlx?x puiiirag ioad. a rnacerial can suPPort

before yielding or breaking. STK 4f 8
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Tensile Strength

TEnsllc
Strcogth @

ao

Bl.
o

Strain

TEasilc str@gth is tested using a tcnsilc bar.
4

@

Participantrs Notes:
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Ultimate Elongation

ltostlc cloogatloa is thc maxlmum lcogtb a matcrlal
extcods bcforc brcaklng.

4
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At yield the bar will be

permanently deformed.

UBtimate elonga,tfo* fu

the maximum extension

before breaking.

Tensilc Strengh (Graph)
A material is molded into a tensile bar to test its tensile strength. fu
the bar is pulled, the material shows deformation, as indicated by the

rising curye, but is still able to recover (A). But the more it is pulled,

the more deformation it shows, until it finally yields and is no longer

able to fully recover (B). At yield, the bar will be permanentiy
STK419deformed.

frdxvves.i;e M\orc"go.vdwa r Effiaaslbwsdssa,

IV{axfunugx} tensile e}ongatiom ls the snaxiirnlaxrx trength a roa".eriai'wiil

extend before breaking. STK420
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Ultimate Elongation

.r lJltimatc Elongatlon ls measurcd using a tensilc bar and
rcported as a pcrcentagc beyood tbc original lcngth.

. For cxanplc lf a IOO inch part has 15% clongatioa It wlll
strctch to ll5 lnchcs bcforc it brca.ks"

GE Pbstlcs@

o
!a
a,

o o

4

Ylcld @

o Ultimate Elongatlon

Brcar.
hlEt
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Compressive StrengtJr
Dumbo Mother

Coaprcsslvc Strcngth ls tbc Darloum squeezlng losd a
matcrial co- support bcfore brcatlng or yidding.

4

Participant's Notes:
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Utimate Elongqtiuru ( Gmph)
Tensile strength rxeasures the marimum load a material will with-
'stand before yielding. As the tensile bar is pulled, *re material shows

deformation, as indicated by the rising curye, but is still able to

recover (A) . But the more it is pulled, the more deformation it shows,

until it finally yields and is no longer able to recover (B). The

mar<imum stress the material withstands before yielding is the tensile

strength. The material will then continue to deform under the

applied stress until it finally breala (C). Ultimate elongation meas-

ures how far *re materiat witl extend before breaking as a percen tage

beyond its original lengttr. For example, if a 100 inch parthas 15Vo

elongation, itwill stretch to 115 inches before itbreaks. STII421

ewrwpr*sow e Swewg{&a i {Ei.smwatawra

eompressive scrength is the maximwn squaezi.ng ?oad a rnarenzu can

support before yielding or breaking. STK422

tJltirnate elongation is
the elongation of a
material before
fracturing.

eoonpressive stnengtla is

measured bysqueezing a
test specimen.

O Gcncnd Eccuic Conpeny l9E9 M-PLIJI r ?-Snr-UOD 4- 12lt9{X}-?3
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Compressive Strength

JL compressivc
V StiGngttr

Maximum load

oI
o

+
Comprcssivc strcagtt ls thc maximuu load a

matcrial can support bcforc yiclding or breaking.
4
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Flexural Strength
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Compressive strength is
the maximum squeezing

stress a material can

support before breaking
or yielding.

FtexuraX strength f;s the
maximum bendi.g s;lress

a material can sqpport
before yielding or
breaking.

Conprusiae Stengtlt (&aph )
A materid specimen is sque ezed to measure compressive strength. As

*re material is pressed, or squeezed, it shows deformation. Compres-

sive strength measures the macimum load applied, or the maximum

stress the material will withstand, before it yields an d is no longer able

to fully recover. By understanding the information that is indicated

on these various graphs,'we can more accurately anticipate how a

material will perform during application. STK423

FWwad Swetugwe ( Wsr.rstirwtsw{d }

Flexurai strength is ttre neaximurn benciing iioaci a naateriai ca:r

support before yielding or breaking. STK 424
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Flqrural Strength

Flcxural
StrcoElh

Marlmum

Load Load

oo
a,

a

Strain

Flcxural strength is measured by bending a Eaterial specimen-

4
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lmpact Strength
Inpact strcoglb is tDc cncrgr rcqulrcd to brea} a matcrlal.

v/
falllng Dart Tbst Izod Impact Ttst

4
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Flexural strength is

measured bybending a
test bar.

frnpact strength is the
amormt of energSr

required to break a

material.

Flmnal Strength (Gtuph)
A test bar is used to measure flexural strength as well" As the bar is

bent, it shows deformation but will still recover. Flexural strength

measures the ma:<imum stress applied before it /elds and is n o lon ger

sTK 425able to recover.

Empaffi Strryffe
Whereas tensitre, ffi exural, and compressive stren gth indi cate how wetrl

a material will perform under'static" Ioads, impact strength is an

indication of howwell a material will perform when subjected to a
'dynamic" load. Impact strength measures the amount of energy

required to break a material. Falling Dart and Izod Impact are rwo

popular tests that attempt to quantif a material's abiliry to withstand
impact. STK 426

t--
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lzod Impact Tbst
Unnotched lzod Notched lzod

v v v v

Izod Impact Is reportcd in ft/lbs per inch.

Participant's Notes:

STE{ 4?8

@
GE Plastics

Falling Dart Impact
$plcal nancs for thlq tcst arc Gardner Impact

& Dynatup'lnpacL

I

fsfuDg Dart tcatt lllcalruaE tbc ablllty of a matcrlat
to relst breattng shcn struck on a surfaci

4

Participantrs Notes:
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The Notched Izod test

measures the ability of a
material to resist

breaking nfren notches

are present.

The Falling Dart Test

measures the ability of a
material to resist

breaking rvhen struck on
the nrrface.

Iznd Impact TBt
The Izod Impact Test rnay be used to measure both notched and un-

notched material specimens. A notch in the material is designed to

simulate an actual part angle, indentation, or corrl€r; Notched Izod

Impact tries to determine howwell a material will resist breaking in

the presence of anotch or defect. Comparison of the two sets of test

results should indicate the notch sensitivity of the material.
STK427

ffwWimg ffiert {rwpca#

T1te Failing Dart Test describes a ffiore pnactical impact than the 
'izod

Tests. Falling Dart Tests, such as the Gardner Impact and the

Dynatup Impact, measure the ability of a material to resist breaking

when stmck on its surface. A material that is said to be ductile is very

capable of absorbing impact. Fracture is a materialls failure to absorb

impact. STK 428
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sTK429

@ GE Pbstlcs

Hardness
Hardacss rcfcrs to a oaterlal's surface stiffncss,

. Rockwcll Hardncss tests a matcrial's
abtltty to rcsist surface indentation.

o Hardncss ls rqrcrted on a rclatlvc scalc for
compariag Eatcrials.

4

Participant's Notes:

:XTT:I.*iB{i

Properties of Polymers

Mechanical Performance

Thermal Performance

Electrical Perfo rmance

Flammability

Physical Characteris tics

o

H
/

@
,sffi

GE Plastics

4

Participant's Notes:
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Hardness is a measure of
a material's surface
stiffness or resistamce to
indentation.

,Ttffi
3 A5,q-.l l1llA6lJ{-

Themal performance.

Hardmess

Hardness is a rneasure of a material's surface stiffness as opposed to

modulus, which measures stiffrress throughout. The Rockwell Hard-

ness test measures a material's resistance to surface indentation.
Since hardness is reported on a relative scale for material compari-

son, it is important to know the scale being used to accurately

sTK 429compare material hardness.

***rrww s; ?owmm
Tsaenmzu perlorrnarlce nrleasun-es how a nlaierrat responos to cnang'

ing temperatures, and its ability to perform at different tempera-

tures. STK 430
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STK 431

Thermal Properties

o Heat Deflectlon TEmperature (HDT)

o Thermal Conductivity

o Coefflcient of Tbermal Expansion (CTE)

. Relative Thermal Inden (RTI)

GE Pbstlcs@

4

Participant's Notes:

,iryi 4sli;ili. 5!_ "€it..

Heat Affects Thermoplastic Properties

? // /,

2 ,

A matcrlal ls 'glassy' and stiff bclow lts glase transtUon
tcmpcrature and 'rubbery' and soft abovc T6

GE Phstlcs@

'Glasay' 'Rubbcry'

4

Participant's Notes:
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It is important to
consider thermal
properties wtren

selecting and

processing materials.

Heat affects
thermopliastic's

properties.

Themul hoprties
We will consider four fundamental thermal properties that are very

importantwhen selecting and, processing a material: heat deflection
temperature (HDT), thermal conductivity, coeflicient of thermal

expansion (CTE), and Relative Thermal Index (Rn) 
STK43l

E{eae ffiec€s 7&erzre@tnst6r @wties
When piastics are processeC, ehey are heated untitr they soften on

melt. It is quite obvious then, that heat a{fects thermoplastic proper-

ties. As the temperanrre of apolymer is raised, it goes through a glass

transition: from a "glassy" material to a "rubbery'material. Conse-

quently, as is structural properties change so does its ability to
perform under a rariety of stresses. STK432
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sTK 433

@
GE Pbstlcs

Heat Deflection Tbmperature
Hcat Dcllcctlon 1tsDp.

.l

o Thc heat deflcction temperaturc rcports thc temperature
at which a material shows .Ol incbes deformation
undcr load

" It is reportcd in 'F or oC at loads of both 66psi
and 264psi

4

Load

Participantfs Notes:

:38( +43+i

@
GEPirstics

Therural Conductivity
+ I

Mctal Coffcc Cup Styrofoam Coffcc Cup
Hlgh Thcrmal Conductlvlgl Loy Tberoal Conducdvity

Tbcrmal conductivlty Ecasunee how fast hcat Eovcs
tbrough a matcrial.

4

Participmtrs Notes:

\-
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Heat deflection
temperature is the
temperature atvfiich a

material shows l0 rnils of
deformation under load.

Thermal conductivity
measures horu fast heat

rnoves through a

material.

H eat D eJleaion TmQ ranre
The heat deflection temperature attemPts to indicate the degree to

which a material's properties are affected by a rise in temperature. A

load is applied to a material specimen and the temperature is slowly

raised. The heat deflection temperature is the temperature at which

a material shows significant deformation under load: .01 inches. It is

usually reported under tno different levels of stress: 2M psi and 66

psi. STK433

Tkemwi Cwtiwcaiadry

?'trermat conductrvity indicaces wherher oE not a rnaterial would

conduct heat. High thermal conductivity means that heat mol'es

quickly through a material, theway the heat from the coffee travels

quickly through this metal coffee cup and burns the person's hand.

Metal is not an insulator, but a conductor of heat. Low thermal con-

ductivity means that heat moves slowly through a material, the way

the heat from the coffee travels slowly through the styrofoam cuP.

Styrofoam is a good insulator and therefore protects the person's

hand from the hot coffee. The thermal conductivity of a material is

also an indication of how quickly the material wilt cool. This is
eqpeciallyimportant to the converter concerned with quick cooling

and short cycle times. STK434

-tr-
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srK 435

@ GE Pbstlcs

Thermal Expansion

+ +
Tbc lld on thc Jar ls looscned undcr hot water

duc to thermal crpalsion.
4

HCKTES

Participant's Notes:

S,-,ffi{ 4$$il

Coefficient of Thermal Expansion (CTE)

Tbc cocffldent of thcrmal crpanslon ls a mcasurcocnt of a
material's cxpansloa upon hcatlng and contractioo

upon cooling.

I

GEPhstlcs

a--Gfrt-1lrr

otttldlaiu

@

4

lth-
DrFrae

Participantrs Notes:
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Materials tend to expand

as tempoature is
increased and contract as

temperature is lowered.

Coefficient of thermal
upansion is a

measurement of how
much a material erpands
and contractswith
thermal cbanges.

Thennal Fapansiun
Materials tend to expand upon heating and contract uPon cooling.

This phenomenon is referred to as thermal expansion. Some mate-

rials have agreater tendencyto expand than others- The metal lid on

thisjar, for example, expands more upon heating than the glassjar.

When run under hot water, the metal lid expands an d loosen s for easy

remorral. Metal has a higher coefEcient of thermal expansion than

glass. STK 435

troffici,en& af Ttuerenag tr#Pansiw WV@)
T?re coefficient of thermal expansion (CfE) nurnerically measures

the tendency of a material to expand upon heating and conuact

upon cooling. As the temperature ri ses, som e materials expand more

than others. Likewise, as the temperature decreases, some materials

contractmore than others, though eyerymaterial will stoP contract-

ing at absolute zero (459.67oF). In order to test ttris tendency, the

degree to which a material expands or contracts is measured over a

range of temperatures. STK436
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STK437

@ GE Pbstlcs

CTE Comparison
Hlgher CTE (Plasttc)

tro
o
adaxtI

Low GTE (Mctal)

Lower CTE (Glass)

lEmpcrature

Thc slope of thc curvc = Cocffieicat of Thcraal Expanslon.
4

Participantrs Notes:

5-T${ 4S[1

@ GEPlastics

Relative Thermal lndex (RTI)
Sunday Drivilg Racing

OIL
Long Life of Oil Short Life of Oil

o Oil will degrade more quickly when
nrn at higher ternp than its suggested
use temlrcrature-

o Plastics age faster at higher temperatures.
4

Participantrs Notes:
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Coefficient of thermal
expansion can be
repres ented graphically.

R eiative ?'EaesmaE Sndes

indica-tes the highest

temperature at rryhich a

material will retain good

p erformance prop erties

over a long period of
time.

CTE Comparison
The degree ofexpansion or contraction ofthe material versus the rise

ordropin temperatureis then plotted on agraphand the slopeof the

resulting curve is calculated. This number represents the material's
expansion with respect to temperature. It is referred to as the

coefiicient of thermal expansion. The higher the slope of the curve,

the greater the expansion, and the higher the coeflicient of thermal
expansion. Therefore, metal has a higher CTE than glass, and plastic

has a higher CTE than metal. STK437

Retati,zt e V'&zwzrae& Ersdffi

T'trre Relative Therrnal Endex (Rfg) is rhe highest ternperature at

which a material can be used and still retain its good performance
properties for a long period of time. Just as oil will degrade more

quickly when run at a higher temperanrre than its recornmended use

temperature, so will plastics age faster at higher r.*O.."tH.n*
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@ GE Pbstlca

fJ.L. Relative Thermal Index

The highest constant temperature at
which a material will survive relative
to the application requirements.

4

Participant's Notes:

!17q.:- ,t,tliJ -L !h :t={

@
GE Pbstlcs

Properties of Polymers

Mechanical Performance

Thermal Performance F
Electrical Performa rr ce /

@

@
Flammability

Physical Characteristics
4

Participantfs Notes:
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Relative Thermal Index
is the highest constant

temperature at vdrich a

material will suvive
relative to the
application
requirements.

'DA.,r.*6.ueq-*tegt
-L : UEgUs UVk.

EiectrieaB

Electrical performance.

U.L. Relatiue Thermsl Index
The Relative Thermal lndex is the highest constant temperature at

which amateriaiwill survive relative to the application requirements.
sTK 439

fuwwmw ar'Parlrwam

Etrectrical perfbrn-lax'lee s'neasures ixovr a rrraterial nespond.s wleen

exposed to electrical currents, and its ability to perform under

electrical stress. STK440
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Electrical Properties

o Dielectric Strengtjt

o Volume Resistivity
o Arc Resistance

o Arc Tfack Rate

4

Partic[antrs Notes:

@ GE Plestlcs

Dielectric Strength
Applted Voltagc Appllcd Voltage

at Brcatagc

Grouad

Dtctcctrtc strcogtn tDcasurcs thc appltcd voltage at
brcatrdown (to butu a track through thc specimcn).

4

Participantrs Notes:
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Four electrical

properties.

Dielecrric strength
measures ttre voltage at
u/hich material
breakdown will occur.

Elcctriml hoprties
We will consider four fundamental electrical properties that are

often important when selecting a material: dielectric strength, vol-

ume resistiviy, arc resistance, and high voltage arc track rate.

STK 44I

Wiele*rde Swrytge

Just as rnechanicai strengfh rneasures the mraxirnucn nnechanical load.

amaterial can withstand before failure, dielectric strength measures

the maximum electrical load a material can withstand before failure.
Voltage is an electrical load.It refers to any electrical potential that
creates a crurent. To test dielectric strength, increasing 4mounts of
voltage are applied to a material specimen until it *breaks."

Electrical breakdown is in the form of a carbon track burned through
the materid. As voltrge is initially applied, the material resists the
charge. But once a track is burned., the material nrill conduct electric-
ity. Dielectric strength measures the maximum voltage the material
withstands and is reported in volts per thickness. STK 442
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STK 443

@ GE Pbstlcs

Volume Resistivity

Appltcd OrnEot

Plastlc heldlc
prwcrtg Ehocl
(hl gh voluor rEslsuvltyl

tbsrt coaducts dcctrlclty
llrv yoluDc rBlstlvltyl

Volumc rcsistivity mealturcs
tbc lglg@gg fo current flow.

4

Abovc lor OHU-co
lor - lO. OHM-co
Bclor l(P OHU-c8i

= lo3ulator
r gc&I@oductor

= @nductor

Participantfs Notes:

flffil - -l:1 
't *\- 42,:t ?.

Arc rcslsta[cc is thc timc iu scconds ttat a sparl cat bc
applted to a matcrlal surfacc bcforc lt chars

rcndcring it conductive.

GE Pbstlcs@

Ground

4

Grouod

AppUcd
Voltage

Arc Resistance
Applicd
Voltagc

Participantrs Notes:
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Vohrme resistivity
measures a material's
resistance to electrical
crrrerrt flow.

Arc resistance measures

a material's resistance to
an applied voltage at the
srrrface over *irr.e.

Yohmte Resistiaily
Volume resistivity measures a material's resistance to the flow of an

electrical current. It is measured in OHM<m which represents the

material's resistance at a thickness of one cm. Metal has low volume
resistivity- less than 10t OHM{m. and is therefore considered to be

a conductor of electricity. Plastic is re sistant to the flow of an electricai

current. It has high volume resistivity - more than I ff OHM<m - and

is therefore considered to be an insulator. A material with volume

resistivity between 10! and 10s OHM-cm is considered to be a
semiconductor. STK443

"&st R.wistg;nee

Wtriie dieiectric strength $leasures the maxirnurn voltage a materiatr

can withstand, and volume resistivi ty m ensures a material' s resistan c e

to the fl ow of electricity per a given thickness, arc resistan ce m easures

a material's resistance to an applied voltage over time. Arc resistance

mea.sures the time, in seconds, that an electrical spark can be applied
to a material zurface before it chars. Charring is the 'drawing" or
*cutting" of a carbon track across the material's surface. Once

charred, a material is then rendered conductive

STK4gH

l--
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sTK 445

@ GE Pbstlcs

High Voltage Arc Tfack Rate

Actual
VoltaSc

Actud
Voltagc

Ground+Ground

High Voltage Arc Tlack TEst measures tic rate ao arc can
carbonlzc thc surracc aud producc a conductlve patb.

4

Participantrs Notes:
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Properties of Polymers

Mechanical Performance

, Thermal Performance

Electrical Performa.nce

Flammability

Physical Charaeteristi cs

A
H

/

@
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GE Pbstlcs@

4
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The high voltage arc

track test measures the

rate at which an arc can
gar'!6nizs the surface

and produce a

conductive path.

FBarramqabflEfrty

HigL Voltage Arc Track Rate
The highvoltage uackrate is an Undentriters Laboratory (U-L.) test

that measures how quickly an electrical track can be drarvn on the

surface of a material. The test measures the tendenry of a material to

continue charring once charred. The result of the test indicates how

susceptible a material is to burning from an electrical charge. The

quicker the rack can be drawn, the higher the track rate, and the

more susceptible the material is to electrical burning. Slowness

indicates dilEculty in drawing the track, a lower track rate, and

therefore a material that is less susceptible to electrical burning.
STK 445

Pawpwfiilw wf Pot3rmws

We have just concluded a discussion of cnechanicai, thermal, and

electrical properties and have identilied some standard tests. The

major standard setting body in the plastics industry is The American

Society for Testing and Materials (A,S, TM), founded in 1891. It is a

scientifi.c and technical organization formed for ttre developmen t of
standard,s on characteristics and performance of materials, products,

systems and services and the promotion of related knowledge. The

testing and reporting standards established byA,STM are universally

used to measure plastic properties throughout the world.

,dSTM standard tests :rre used to measure a variety of mechanical,

thermal, and electrical properties. Underwriters Laboratory Pre-
scribes standard tests for measuring amaterial's response in a flame

environment aqd certifies the test results.

Underwriters Laboratories (U.L.) Inc. is an independent safety

testing organization that investigates products voluntarily submitted

from manufacturers to determine if they are reasonably free from
fire, electrical shock and related accident hazard.s. STK446
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STK 447

. f.I.L. 94 Flarnmability

GE Pbstlcs

Flammability
o OxYBen Index

@

4

Participant's Notes:

lffiI .r ,l a".
.:, n '11- +r+d--

@ GEPTasticE

Oxygen Index

la
it.tcrlal A
Burar la Alr

Mstcrld B
DoG' Ilot Bum ln Alr

o I
loot
o8ytca

Ortllr[ Coatat

Orygco tudex aboc 28 lr llame reslstancc
ln mct apptlcatlous.

4

Docr lfot But|D

Participant's Notes:
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Oxyge" index and U.L.
94 flammability are two
mea$,rres of material
performance.

The ox5rgen indor
measures the amount of
oxruenrequired for a
material to support
combustion.

l-Iarmability
U.L. properties provide a standard throughout industryand act as a

means of comparing certain material properties. We will discuss

oxygen index and U.L. 94 flammability as measures of plastics

performance under flame environments. 
STKMI

WWXpd,m
The oxygen index measures the arnount of oxygem required. for a
material to support combustion. For example, material (A) does not

burn inlTVo oxlgen, but dogs burn inlSVo ox)€en. Therefore it has

an oxygen inder of 18. It will, of course, continue to burn as the

anailable ox),gen continues to increase. Since atris?lVo oxygen, and

since material (A) burns inlSVo o)cygen, then materiat (A) burns

readily in air. Material (B), on the other hand, needs atleastTsVo

oxlgen before itwill finally burn. Therefore it has an ox)€en index
of 75 znd,is considered flame resistant. In general, any material with
an index greater than 28 is considered flame resistant. STK448
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STK 449

UL 94 Flammability
Underwrlters Laboratories reports tie following

flamrnabilitf ratings per Bulletin 94.

94 5-V Vertlcal Bura Horizontal Burn

GE Plastics

Best Radng SIow Burn Rating

@

4

SeIf Extingulshing
94 V-O (Best)

94 V-l (Good)

94v-2 (Drlps)

Thkes more than
3 minutes
to burn 4 inches

Docsn't ignite
under hotter

flarne

Participant's Notes:

t-ffi1" ,.1e t
,:] llEL *35q,1

@ GE Plastics

Properties of Polymers

Mechanical Perfonrrance

Thermal Performance

Electrical Performance

Flammability

-AH
/

@,ffiPhysical Characteristics
4

Participantrs Notes:
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U.L. 9{ Fl,ammability
Underwriters Laboratory reports flammability ratings per U.L. Bul-

letin 94. A highly flame retardant material may be exposed to a very

hot flame. If it ignites, it must then undergo the vertical burn test- In

the vertical burn test, if the material extinguishes itseif quickly it is
given a rating of 94 V4. If the material takes longer ro extinguish

itself, it is given a rating of 94 V-l. If it takes longer and drips without

igniting aball of cotton under the speciman it may be given a rating

of 94V-2. Finally, if the material is still unable to extinguish itself, it
may und,ergo the horizontal burn test. The horizontal burn test

measures how quickly it takes the material to burn. If it takes more

than 3 minutes to burn 4 inches, it will be given a slow burn rating.

This is the lowest of the U.L. flammability ratings. STK 449

ifuwperraw w.f'F*ryraws
Tirere are also irnportant physical characteriscics that are particuiar

to each resin and therefore important in material selection, tooling,
sTK450and processing.

Several different tests

are done to describe a

material's flammability.

Ph.ysEerei
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@ GE Pbstlcs

a Shrinkage

. Specific Gravity

4

sTK451

Participant's Notes:

sTffi,451i

@
GE Pk,stl*

Shrinkage
Ts

Coofhg causcs a volumc rcductlon or shrinkagc la all
polymcrs duc to tbc decrcascd space bctwcctr

thc pol5rmer cbaias ln a coolcd oatcrlal.
4

Participarrt's Notes:
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Pb,rsical properties:
shrinkage and specific

$zvit,"

Sbrinkage occurs on
cooling from the melt
during conversion.

Plrysiml hoputia
We are going to discuss nvo fundamental physical characteristics :

shrinkage and specific gravity. STK45I

ffiirdrakage

Shnni<age is caused by the sanne phenomrenon that causes rhermal

expansion and conraction. Heating apolymermaterialwill not only

cause it to soften and flow, but to expand. As the polymer is heated,

is molecular chains begpn to loosen and spread apart. This space

allowsthemolecules to slide easilypastone anotherwhich causes the

material to flow. Thermal expansion results from the increased space

betrueen the heated molecules. This expansion is particularly high

when the material is in its melt state. Subsequent cooling of the melt

during processing causes the polymer chains to move back together

again. Upon cooling, the space benrreen the molecules decreases

causing a reduction in material volume referred to as shrink"ge.
sTK452
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@ GE P/p,stlcs

Shrinkage Is Affected
by Crystallization

Ib
I

CrptalUzation causell addldonal volumc rcducUon sblch
rcsults ln higher Ehrtnkagc in cr5rsrolllnc polymcrs.

4

STK 453

Participant's Notes:

S'ffii 45+

Participantrs Notes:

The amount of material shrinkage that
must be accomodated for in the toollng
deslgn ls reported in inches / lnch,
mils I iuch, or as a percent.

.OO5 inches / inch = 5 rnils / tnch = .5V"

All three readings are the same

GEPlastics

Shrinkage

@

4
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Silrrinhage Is,ffectcd by Crysnllization
Shririkage is especially high in crystalline polymers due to the

increased volume reduction caused by crystallization. In the crystal-

line regions, the molecules lie very close together in an orderly

fastrion. The polymer chains are packed more tightly together in

these regions than the chains in an amorphous structure. Conse-

quently there is less space betrreen the molecules causing an addi-

tional reduction in volume when the material cools from a fluid to a

solid state. Crystalline materials such as PVT tend to have higher

shrinkage rralues than amorphous materials like ABS. STK453

Sflew&ag*
Whetherhigh on Xow, arnaterial's shrinkage x"reustbe accornmoiated

for in the tooling design. Shrinkage may be reported in either inches

per inch, mils per inch, or as a percent. For exarnple, .005 inches,/

inch, 5 mils,/inch, and .|Vo zllindicate the same alnount of shrink-

age. STI(4tl

].--

Crrsta[izadon results in
higher shrinkage in
gqstalline potymers.

11is irnportant to take

into accormt a material's
shrinkage nfien
designing a tool.

O Gcneral Elcctric Coapeny l9S) M-PL-+-Or r 7-STIFMOD,Fl?,/+{O{s



STK 455

@ GE Pbstlcs

Specific Gravity
Spccific gravlty cf,pnesscs dcnsity

rclaUvc to tbc density of water.

lVro obJccts critb tlc samc voluoc can havc
dlffcreat dcoslty and thcrcfore, dtffcrent welghts.

4

.8

H2O=1

Participant's Notes:

'$TEil'45,6,

@ GE Plestlcs

Cost Per Pound vs. Cost Per Cubic Inch

Higher Specific Gravity =) fenrer Parts
Per Pound

Lower Specific Gravity =) tUore parts
Per Pound

Cost per volume is a more accurate
means of comparing the cost of a part.

4

t{-PtJt-oI 1 7-STK-MOD {-lt,/et{O-66 O Gcncrd Elcctric Conpany 1989

Particioantfs Notes:
!



Specific gravity
eqpresses the density of
a material relative to the

d*rty of rpater.

The cost per volume is a

more accurate means of
comparing the cost of a
part

S|rfi, Grauity
Specific gr?vity describes a material's density in relation to water. It
is the density of the material divided by the densiry of water.

Since water has a specific gravity of one, any material with a specific

gravity of greater than one, sinks in water, and any material with a

specific gravity of less *ran one, floats in water. Two objects with the

same volume can have different densities and therefore different

specific gravities. This is a point that is very important to a converter

if he is buyrng material byweight. STK455

{,ast Pw Pott?sfr ars" ff@# Per tro&de Xsrda

Specifrc ga'avity provides a rnore accurate nleans of comparing

material costs because plastic Parts are sold by volume, notweight. A

material with a high specific gravity will produce fewer Parts Per
pound than a material with a low specific gravitf. For example, ten

pounds of a materid \dth a specilic gravity of 1.2 may only yield 100

parts, while ten pou4ds of a material with a specific gravity of .8 may

yield over 150 parts. Consequently, cost per cubic inch is a more

accurate mearrs of comparing material costs than .ot, P.t P:1*^
srK 456
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STK 457

Understanding
Properties

of
Polymers

GE Pbstlcs@

4

Participantrs Notes:

13ffi" 45fi

@
GE Plastlcs

Product Data Sheets
PROPERTY glII METHOD TTPTCALpATA

MECHANICAL
lEosile StreagttL break psi ASTM D 638 133OO
Ffexural StreagtJr, brea.k psi ASTM D 79O 2OOOO
Flqural Modulus psi ASTM D 79O 78OOOO
Compressive Streagth psi ASTM D 695 IOB(X)
Hardaess, Rockwell R - ASTM D 785 fOg

IMPAC"T
Izod lapact unuotched. ft - lb / ia ASTM D 256 Lz.O
Izod IBpacL notched ft - lb / ir ASTM D 256 3.2

THERMAL
DTUL,66psi degF ASTM D 6/18 4OO
mUL, 264 psi deg r ASTM D 648 3OO
CfE, flow. -4Ol. to 1OOF in / lo. F ASTM E 83f l.5O E 5
CIE" flov, l4OF to 28OF ir / in - F ASTM E 831 l.l0 F/5

4

Participantrs Notes:
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Summary and
Performance
Feedback

Understanding' fuop erti a of Palytn as
The properties reported on thernaterial datasheet are indispensable

to the product designer, the toolmaker, and the converter. The

mechanical performance, thermal performance, electrical perform-

ance, flammability characteristics, and physical characteristics of a

material are all importartt considerations when selecting and proc-

essing a material. STK457

Wvrdesstfisading fuo&wg fuaW Sftoeets

T"irerefore icis irnportant to understanci the propertyvalues listed on

the product data sheets to accurately compare material perform-
ance, and to accurately estabtish material processing parameters.

sTK 458
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STK459

@ GE Plastics

Engineering Design Data Base
High

oo
a)

o

Low
Straln

4

Participant's Notes:

@ GE Plastics

List two sources of information
on material properties.

4

gTI{46{j

Participant's Notes:
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Undrstandkg Ensineering D*igp Data Base

It is very useful to understand how to read an engineering graPh.

Graphs like those provided by GE Plastics Engineering Design

Database provide useful material performance information over a

range of conditions andvariabies" An engineering graPh allows the

product designer to more accurately predict material performance

in application, often resulting in higher performance Parts.
STK459
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@
GE Plastlcs

Product Data Sheets

Graphs

4

STK461

Participant's Notes:

@
GE Plastles

Why make a graph?

4

,.!Tll46?

Participant's Notes:
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STK463

\Mhy Make a Graph?

l6
l4
t2
lo

GE Plastics

Seven Pieces of Information
7 Ft.

Data Sbeet

@

x
Age (yrsl
Graph

4

Y

2

I

o

A range of information

6 Ft.

5 Fr.

{, PL

3FL

2 Ft.

I Fr.

lo l4 l8

Hclght 7
(fcctl

6

5

--N {
3

Participant's Notes:

@
GE Plastics

List 5 categories of properties
used to distinguish thermoplastic
materials.

4

;5TE( 464,

Participant's Notes:
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STK465

@ GE Plastlcs

Properties of Polymers

M echani cal Performance

Thermal Performance

Electrical Performance

Flammability

Physical Charaeteristics

A
H

/

@ffi
4

Participantrs Notes:

@
GE Phstics

Which test measures the ability
of a material to resist breaking
when struek on the surface?

4

* fL fr. +Qffi.

t'"
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Participant's Notes:



STK467

@
GE Plastlcs

Falling Dart Impact
Tlpicaf names for this test are Gardner Impact

& Dynatup" Impact.

I

Fdling Dart tests measure ttre abtltty of a material
to resist breaking when struck on a surface,

4

Participant's Notes:

SffiL 46Ei

@
GE Plastics

Module 5
Conversion Processes

a Tlpes

'Extrusion
- Blow Molding
- Injection Molding

4

Participantrs Notes:
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@
GE Plastics

Module 4

Prformance Feedback

1. Ust two sources of information on material properties.

2. Describe 5 categories of properties used to distinguish ttrermoplastic materials.

*1" id.eratiF:y s*riaieh: CeSm are used, to meas?Jre eiitf,erene px'Opfr"tres rnfter "ran-iotls e onditlore;.

'i. For"a part *aat yorl a-re corxn/ei'tirag, icienai& t * key proparties requrired in the appxicacion.

)-
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