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1. INTRODUCTION

szsasssassss
Sodern quality control is alsways concentrated on the
investigation of the materisls properties which are
related to the fiesld of spplication of the material.

For special fields it is thersfors necessary to develop
new methods or to modify existing ssthods respectively.

In this-roport it is not possible to report all the
recently developed or modified methods, bscauss of the
great nusber of tests dus to the incressing nusbsr of more
specific spplication.

In order to give an ides about interesting snd specific
trends and tendencies two groups of investigation and
tests asre reported in dotail, both characterize typical
developments in this field.

The properties may divided in
- mechan‘cal

- electrical

- optical

and thermophysical properties

The verious trends in genaral should bs sxplained by the
description of the first, the mechenical, end the last, the
thermophysical group of propsrtiss.

The methods for ths determination of ths mechanical probottiso
ste well estsblished sven for advanced saterial snd a grest
numsber of intsrnstional stsndsrd tests sxist already. Great
sfforts are mads to sdapt thess tests for specific fislds

too and for a fully sutosatical procedurs.

The chapter sbout ths mechsnicsl teets thersfore includes
the genersl trends prefersbly snd gives somse exssples of




interesting specific methods, which cen applied for verious
types of materials.

The second chapter shich desls with thersmophysical propsrtiss
gives s genersl description of the development of the methods
used, which ars still further improved. One of ths mmin tests
in this field is the improvement of the expsrimental equipment
to achieve a highsr accuracy, that msans more reliable date.
Errors of : 5 £ sre relative low because often the dats of

ons material reported in the literature ars scattsred within
one order of megnitude.

In former time simple experimental arrangements were sufficient,
but recently the snginesrs and designer nsed mare accurate data
and therefors mors sophisticated squipment is nicesssry.
Especially with regard to the problems of snergy saving slight
improvements in isclation have to bs measured becauss they can
result a resarksble economic effect.

There are only few methods which hesve becoms an intsrnational
standard alrsady but the number of stasndard tests is increasing.

In this report the field of developments of measuring methods
shall be described in an extanded way, to illustrate ths trands
in this modern field of quality control. Neverthsless, these
methods are also intendsd to run fully sutometically.

BECHANICAL PROPERTIES

sssssssssssssssssssss

echanical propertiss are still one of the most important ones
in quality control, because resistance sgainst mechanicsl ispact
mostly determine the lifstimse.

According this isportance tests to msssurs the tsnsile strength,
the hardness, the ductility and so on were developed long time
8go snd sre now routinely used. In spite of new methods they




will be used in the future too.

Bechanical tests play alsc an important role in the quality
_control of advenced msterials. Dus to the specialities of these
matsrials, their structurse, specific properties and fislds of
application, it is often necessary to adapt or modify the existing
msthods to the specisl requirements. Thers ars s grest number of
such modificationsof course if you concern the different types

of advanced materisls such as fibre reinforced composites, rather
brittle ceramics, glass fibre reinforced plastics, high temperature
resistant and high ductile metallic slloys snd so on. Thersfore in
this paper some typical methods, which probably sre of more general
interest, sre described.

Independent of the materisl to be examined rscent developments
in the field of mechenical testing are concentrated on two tasks.

One is to test the materials under conditions, which are very close
to the practicethat mesns on the one hand to experimentally determine
the projarties under conditions such as high teapesrstures or
corrosive athmosphares and on the other hand to test not only

small specimens of material but atructure slements wsuch ss tubss

or even more complicated designed elements. Reason of this recent
trend is the incressing safety conciderstion ss well as economicsl
considerations. The more reliable the dats the more accurste are

the calculstions of design and structurs and thesrefors the smsller
the ssfety factor.

Second which is in some way slso comnected to safety considerations
is the intension to s fully sutomstic control of the messurssent
procescurs. Besice sn sconomicsl reason which is probebly not valid
for developing countriss, the ressor, for sutomsstic control is the
such mors better reproducibility of the test procedurs. Therefore es
it is ussi in other fields of sciencs snd technology in quality
contzrol comcutsrs snd date scquisition systems become more snd

sore importent.




According the application of sicrocomputers for deata acquisition
snd svaluation in saterials testing the methods and appsratus

are changed. Nowxzdays an automatical perforasance of the
asasuresent procsdurs, the data acguisition and svaluation

can bs afforded even by small laboratories. In eddition the
spplicstion of microelectronics ensbles tha doaigq of compacted
portable apparatus, which caen be used outside the laboratories
too. Time consusing procedurss such as calibration of measurement
systems, compensatiom of disturbing influsnces can be carried

out by the suitable softwars.

Thoro are fourmain tasks for the electronics.

First and most important is the date acquisition. An automaticsl
data acqusition systes is most valuable or even necessary, if one
have to deal with 8 very large number of measuring points

and/or a large number of data. Second is the evaluation
of the data, shich includes the reduction of data, calculations
using predetermined formulae and the documentation of procsss
parsagters and of the results. fFor the first two tasks personsl
computers are msainly used.
Third an sutomatic control which is necessary to mske the test
performsances highly reproducible. The controlling parassters may
be the time, certain test parameters, the temperature, the stress
and something slse or given limits. Fourth is the control of the
process parasoters, that means the stabilization of the tempersturs
the control of s tempsrature programm, load cycles, ges composition
and so on. -
In addition thers is another positive aspect using data acquisition
systems in saterisls testing. Connected with & csntral computer
the data can be transfersd to this unit stored there end recalled
by other technical or sdminstrative dupartments. For instance
the production can get s quick responso cof ths product'’s quality
or certificates csn be plotted.




YENSILE TEST

This test is the well known standard test for the measurement
of mechanical properties.

B8y the msans of the modern electronic squipment this test has
not been changed in principle but the eveluation sf the
stress-strain diagramm is now msuch mors sasier to ogaluato and
therefore it is possible to get more information out of the
results of this simple test procedurs. Computers control the
test procedure, calculate the characteristic velues such as
tensile strengths, fracturs thoughnsss and so on, store the
data, compare them with oéﬁor results and perfors statistic
calculations. Statistics are very important to get informations
about the reliability of the average values and the scattering
band.

NOTCHED BAR IMPACT TEST

The impact test measures the fracture thoughness in a very

- quick way., Unfortunateiy often the results obtained in the
impact test are not sble to characterize the bulk material
quantitatively. Therefore the use of the impact tast is mainly
reduced to the investigstion of sheet meterials, in which field
it is also a3 stendsrd test.

To get more reliable informstion from this test a modern trend

of this well establishad method is the instrumsntation of the test.
Instrumentation arises 8 new problem , it is that disturbing
vibrations with high frequsncies sre supsrimposed on the ttlnli‘nt
load-time respectively losd-deflsction record. The problem was
investigated and it could be shown that the predominante vibrstion
modes sre the longitudinal vibrations of the hammer blads betwsen
the tup and the backside of bleds. Becauss of these results s
modified hammerblade hes heen designed with specisl precaution




for incressed demping of the disturbing vibrations. It could be
experimentelly shown that iott of the disturbing vibrations are
removed. This will improve the evaluations of the transient

load-deformsation-diagrasm of an instrumented notched bar impact

test because the characteristic points of ths diagramm can be
identified in a better way.

HARDNESS TEST
The well known tests are the Rockwell, Vickers snd Brinell test.

They are very co-lonl; used bacauss they can characterizs the
mechanical properties in a very simple and quick way. Therefore
there will be no remsarkable changs of these tests in the future.
Nevertheless the apparatus are improved and specialized for

modern requiresents. Ricroprocessors and computers ira applied

tc hardness tests too. There are already fully autosetic tester
available. A further improvement is the reduction of wmeight of

the apparatus that they are portable. Such devices are specially
suitable for the performance of rapid and reliable hardness

tests i.9. on site testing nf large and heavy work pieces or

fixed installation components, during production, especially
during mass hroduction, for machines slready in place, st msaterial
storage depots for the identification of materials, at difficulty
accessible locations and in cramped space conditions and for
testing varietions in herdness of espscially large wdrkpieces.

In addition to the axpsrimental improvements greét efforts are
made to get & maximum of information from tha silplo'hardnoss
test. Therefore formuls are dqv.loppod'lnd calculations are meade
to get s most chactsristic valus of the material from the geomestric
dimensions of the impression in the tsst piscs..

The investigation of microhsrdness bscome more populsr. Bscauss

of the messuring demand of these investigeations developments are
made to run this test automstically confrollad too. The intensions
wer® successfui, that there is an sutomatic spparatus commercially
svailable slready.




CREEDP AND FATIGUE

Contintous deformsation can occur in materials and in particular
in metals and alloys at high temperaturs, when they ars
subjected toc constant applied force. This time-dependent
deformation is called crasp. The criteries for alloy
development for high tesperature application e.g. gas

turbines are mainly the creep prcperties. Bhen the creep
characteristics of a material ars well satablished, an
engineering cosponent can ususlly be designed to achievs

the required life under specified operating conditions

without feailure dus to creep. |

The mosé widely used technique for providing engineering

data involves the tensile creep rupture test machine. This
consists of a dead weight applied to a lsver system acting on
8 tensile test-piecs of cylindrical or sheei shapa with the
gauge portion heated by a resistance furnace. Temperature,.
load, rupture time and rupturp elongation are the parameters
measured.

If strain versus time relationships have to bs messured a
strain recording system is needed. For this purpose test-
pieces with ledges at the two ends of the gsuge length sre
usually adapted. The relative displacemant of the ledges is
transfersd out of the furnace and thsn measured. High sensitivity
inductive or cspecitor transducers liave replaced mechanical snd
optical systems, thersby facilitating sutomatic dats logging
and their computer elaboration. 1f fast strein varistions or

8 highly disturbsd strain signal have to be msasured a
continpbous racording, ususlly by s chert recordst, is better
than lagging peirs of discrete values of strain s::d tims.
Fatigus data currently ocbtained and used in engin.ering design
and psrforsance sssessment sre endursnce dets, ususlly in the
form of an S-N (S.....8tress N.....nusber of cycles) or & -N




( &..oo.strain) curve. Endurance curves are derived fros
constant amplituds tests on plain spscimens ar structural
featurss.

In recent time hydrsulic closed-loop and computer-controlled
machines for sechanical testing have become aveilable. This
modern, versatile and preciss squipmsent permits complex )
tensile, compression and bending stress cycles to be

performed and is widely employed for fatigue but also for
creep at variable load, for creep fatigue and for stress
relaxation tests. )

A further sspect directed to life tima prediction is thermal
fatigue. Bost lou-cycle fatigue problems in high temperature
machinery involve thermal as well as lcchanicalhloadingo.

By thermal loadings it is meant that the material is subjected
to cylic tesperature simultansous with cylic stross; Anslysis
of these loadings and consideration of the attendant fatigue
becomes very complex. Recent advances in snslysis msthods, e.g.
finite slement computer programs and testing equipment e.g.

servohydraulic test system help to solve the problems.

ACOUSTIC EBISSION

Acoustic emission is called a quasi non destructive testing
becsuse these may bs effects in the specimen which lead to

a damage of the metsrisl. Nevertheless it becomss more often
used. in matsrial testing. In gensral acoustic emission cen be
defined as: The eslastic wave generated by the relsass of energy
internally stored in a otiucturo. Acoustic emission "sources”
which can be described ss different processes emitting elastic
waves, c3n bs basically classified in 4 different groups




dislocation mcvements
- phase transformations
friction mechanismus

crack formation and extensions

Related to mechanical properties the céack formation and
extension is the most important cone.

The highest amplitudes of the emitted signal are alsc gensrated
from crack formetion.

It occurs at surface notches or at points inside s material

where local stresses excsed the fracturs stress. The zrack
formation results in crestion of new surfaces and strain

snergy is released which is partly transformed to acoustic
emaission signals. If the source smits a sphoricai wave packst,

it will be propagated as such only in an infinito isotropic,
homogeneous, ideally elastic mgdium. In resl structures the
propagation will be effected by surfaces, grain boundaries,
microcracks, inclusioas etc. anisofropy, inhomogenities and
non-linear elastic behaviour.

Bhen the emitted stress wave reaches the transducer the stress-
strain condition has to be converted intoc sn slectrical signal
which can be trested by slectronie msans. After smplification

and a proper @valuation of the signal sn sven detailed knowlsdge
of the nature of the source can be obtained. A detailed pn.lysis
of the weveform, the frequency spectrus and the amplitude
distribution is of ten necessary.

Some of the advantages of the method sre remots detection and
location of flaws, intsgrsl sethod, high sensitivity snd detects
active flaws. On the other hand some of the limitations are noted,
high dependence on materisls and coupling method, difficulties to
detect spourious sources, lisited information on the type of flsw.
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Because of_tho possibilities of the method it is already used

in hractic. for testing differsnt kind of advanced materisls toc.
A sepesrate, very important field of quality control is the testing
by nondestructive methods (NMDT), but because of its great extent
it is not possible to cover it in this report too. The great
number of tests, which s.e still incygesing, mey be divided
sccording the physical properties the tests are based on.

- optical methods (holographical ssthods)

- radiologicsl methods (absorption, diffraction, transmission,
reflexion of particles and rediation
respectively)

- nuclesr physical methods (activation anslysis)

- slastic oscillation (acoustic waves, ultrasonic tests)

- magnetical and slectrical methods (ecattering and diffraction

of microwaves or magnetic field, eddy

current tests)

fFor details the related literature has to be studied.

THERMOPHYSICAL PROPERTIES

SSEIEESECEEEEIINEEEEREIRS

DENSITY AND POROSITY

Density and porosity are important paramster to characterize the
condition of a meterial. Often the knowledge of theoretical density
and the porosity is sufficient for a rough estimation of the

properties of porous msterials. A great number of properties are
influenced by the porosity e.g. thersmsl conductivity, elsctrical
conductivity, some mechanicsl properties etc. Especially with
regerd to the advanced satsrisls such as high-tech ceramics and
powder lotallu:gy(P/l)-utorialo the valuss of porosity plsy en
iwportent role and indicats the quality of the products.
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At the beginning, the definition of density and porosity should
be notad

- bulk density: The mase of the material divided by its bulk
volume, i.e. its total volume including internal pores

- true density: The mass of the material divided by the volume
of solid material excluding open porosity.

- theoretical density: The density of the material excluding
all forms of porosity.

- tetal porosity: The volume of void space within the material
divided by the bulk volume, expressed s8s s fraction or
percentage.

- gpen porasity: The volume § void space within a material
accessible from the exterior, divided by the bulk volume,

- closed porosity: The volume of void space within the waterisl

inaccessible from the exterior, divided by its bulk volume.

The bulk density of samples of simple geometric forms such as
cylinders or cubes can be sasily determined from their dimensions
and weight.

To determine the true density the displacement principle is used.
Mod.rn pycnometry represents a refinement of the displacement
principle and often uses a gas as the displaced medium. In the
gas pycnometry the volume displacement is determined from the
pressure-volume relationship of a gas under controlled conditions.
Helium is recommended insteaad of a liquid bacause it does not
adsorb on most materials, can penetrate pores as smell as 0,1 mm
and behaves as an ideal gas. Further there are no problems with
wetting, interfacial tension and svaporation.

Another method for density meassurement is based on the sbsorption
of 8 mono-snergetic X-ray or {r-radistion. The rats of s absorption
depends beside the thicknsess from wsve length, atomic number of
the sample materisl and density. Wave length atomic nuaber and
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thickness can kept constant. The resulting constant (K) can be
deterained by calibration sith a material of well-known density.
The density of the specimsn material can be calculated by the

following expression

- 1ln L [*]

§ K

I o..eee intensity of the radiation

I0 ceseee initial intensity of the radiation

The theoretical density of cystalline materials is possible to
calculate from the characteristics of the slemsntary cell, that
means their number of atoms (Z) and the structure typ, the distance
betusen atomic planes (a) and the atomic weight (A). For a cubic
crystal the theoretical density (d) is given by the expression

d = ———

where A/N is the weight of one single atom (N..... Loschmitt
number). The required structure data are cbtained by X-ray
structure analysis.

A more specific method is the levitation method, which is used

to measure the density of powders and small particles. The material
is dispersed in a liquid of which the density is continuously
changed by the addition of a second liquid of different density.
Levitation of the particles indicates that their density is

equal the density of the liquid mixture. The latter one can

esaey be measurad by the determination of volume and weight.

Jotal porosity is difficult to messure. Une spproach is to grind
the material to a powder finer than the smallest inter-spacs
distance and comparing ths powder density with the bulk density.
Measuring the denaity of the generated powder one has to taks
care that the fine pouder particles do not trap bubbles during
immersion in the liquid of the pycnomstsr. Another way to
determine the total porosity is to compsre the bulk density




with the theoretical value msasursd on the sams saterial or
taken from the litsrature. Alternatively, the total porosity
can be estimated by a line intercept or srea counting method
on carefully prepared polished cross-saction.

A suitable ond recently common used method to measurs the gpen
porosity is the mercury porosimetry. This method uses the
penetration of porocus sclids by mercury undsr pressure to
characterize the pors volume and pore size distribution of
interconnected pores ranging from S00 to 0.003 um in diameter.
The porous materisl to be snalysed is placed into a mercury
porosimeter, in which the volume of mercury absorbed by the
pores is measurad as a8 function of the pressurs applied to

the mercury. The technique has been spplied to a variety of
porous materials, such as concrete, bricks and tiles,
engineering ceramics, porous metals and powders. The method
is based on the following equation:

-4 cos

d = P

Uhere P is the pressure required to force the msrcury through

8 pore of diamster d. ’ﬂis the contact angle bstween the mercury
and the porous material. r—is the surface tension of mercury.
Mercury is used as the intrusion liquid becauss it does not wet
most materials, a fundamental requirement of the method,

JHERMAL CONOUCTIVITY AND DIFFUSIVITY

Heat flow and tesmoeraturs distribution determine the energy
consumption. According to the importance of enargy saving the
thermo-physical properties bscome more and more important and

8 great effort is made to msasurs the thersal conductivity of
insulating as well as of good conductive materisls in an accurate

way.
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In the experimental detersination of the thermsl conductivity of
solids, a number of differant methods of mesasurement are required
for different ranges of temperatures and for various clesses cf
materials having diffsrent ranges of *hsrmal conductivity valuss.
A particular method may thus be preferably aver the others for ~
given material and temperature range, snd no one method is
suitable for all the required conditions of measursment. The
appropriatensss of a method is further determined by such
considerations as the physical nature of the material, the
geometry of samples availsble, the required accuracy of results
and the speed of operation.

Two measurement principles are the basis for all the methods for
conductivity determination. First the method with steady state
heat flow, in which the test specimen is subjected to a temperature
profile which is time invariant. The thermal conductivity is
determined directly by measuring the rate of heat flou per unit
areea and by measuring the temperature gradient after equilibrium
has been reached.

Second the non-steady state method, in which the temperature in
the specimen varies with time. Using this method, the rate of
temperature change is measured. fFrom these data and the geometric
dimensions the thermal diffusivity can be determined. The thermal
conductivity K is then calculated from the thermal diffusivity a,
the density d, and the specific heat Cp of the material according

the formula

K = G.d.cp

Soms of the methods commonly ussd in order to determine the
conductivity of advanced materials sare dsscribed in more detail.

Susrded hot plate.
This steady stats method is prefersbly used for lou-conductive
materials such as fibrs insulating materiali, high porous samples




and compacted powders.

Shape and size of the specimen used in various apparstus are
different, but in general the snecimen length to width ratio
is ssall, bscause thes smeller this ratio the smaller is the
ratio of lateral heat losses to the heat flow to the specimen.
The absolute value of the diamseter of a disk sheped specimen
commcnly used mey sven exceed 1 m.

The experimental arrangement is so designed that the flow

of hest is oaly in one direction, i.e. the axial direction
of the cylindrical specimen. The radial hest losses are
prevented or minimized in most of apparatus by the use of 8
guard heater, which is so adjusted that the temperature
gradient is zero in all directions except im the direction
of the axial heat flow.

Provided that the above mentioned requirement are fullfilled
the thec-mal conductivity can be determined by the following
equation

-q A x
A AT

K ccoes» thermal conductivity

x
L]

G ++ee.s rate of heat flou

A cee... Ccross cactionel area of the specimen

AT.c.... temperature difference between two peints of
measursment along the hest flou directions

DXeeoooos distance betusen the points of temperaturs

measurement

In most of the modern apparatus the rate of heat flow is
determined by the powerinput to an slectrical heater, but it
may be slso determined by & calorimeter or a heat flow meter.
The temperaturs measursments are mecs gensrally with thermo-
couplss inserted in the specimen or embedded in grooves on the
specimen surfaces. The method can be fairly good used up to
about 4007 c.




- 16 -

The guarded hot plats method is very well developed und very
often used in ressarch instituts as well as in the laberatories
of the industry. According its ranges of applicability it is the
most important method for the determination of every kind of
insulating saterial for technical spplication snd buildings.

Recent work to improve ths msethod was mainly directed to
evaluata the heat losess, wshich ars not complately neglegible,
in order to correct the cbtained results and increase their
accuracy.

Investigations are also carried out running the apparatus
under different atmospheres, because the kind of gas and its
pressure influence the conductivity of porous .insulating
material remarkably.

Comparative method
This method is also based on a longitudinal steacdy state heat

flow. The rate of heat flow is determined by the temperature
drop in a reference material. The reference sample of knoun
thermal conductivity is placed in series with the unknown
specimen. Under ideal conditions, that means the same rate
of heat flow through the reference sample and the specimen,
the thermal conductivity cen be determined by the use of the
following formula

K = K A, (AT/Dx),
A (AT /Ax)

where the subscript r designatss the reference ssmple.
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Comparstive methods have the advantages of sispler spparstus and
sssier opsration. Because of these benefits they ars very suitabls
in the field of material development, since they can quickly
provide thermal conductivity data of new materials, esspecially
the increesing number of composite materiels can sasily be
tested by this method.

The results obtained sre of lower accuracy than results by the
hot plate methcd dus to the additional uncerteainly in the
conductivity of the rsference sample, the conductivity mismatch
betwesn spscimen and reference sample and due to the interfacial
thermal contact resistance. The method is usually used in the
temperature rangs of -50°¢ up to 950°C. Above 950°C it is very
difficult to reduce the heat losses, that they ars neglectable.

for special purposes methods with radial stesdy state heat flow

were also developed. One cylindrical method is the most important

oneg of these methods but is also used only for special spplications,
e.g. thermal conductivity measurements of granulss or powders, because
of the rather complicatad specimen preparation.

The conductivity is calculated from the expression

K s 910 (i££?1)
2Nl (71-1’2)

1l ....length of the centz=l heater

T1.T2 - e.eotomperatures msesursd st radii r, end r

1 2

Line heat s me thod

This method uses 8 long thin heater wirs as line source. The wire
usualiy made of Platinum is supplied by a cnnstant power input.
This hot wire - thersfors the method is often called “hot wire
method” - is embedded in s large specimen, which is initislly et
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unifors tumperature. After the hesater is turned on the temperature
of the hot wire is recorded as s function of timse.

The thermal conductivity is given by ths expression

K . S In (t,/t,)

T,,-'l’1 asssecssces.tomperature differencs between two
differaont times (tz, t1)

Bain advantage of this sethod is "he applicebility up to very
high temperatures. Therefors the method plays an important role
in enerqy saving investigations becauae it is very suitable for
the deteramination of thermsal insulating msatsrials for high
temperaturs application such as refrsctory stones. The large
specimen volume (dimensions are: 230 am x 114 ma x 64 mm)

moakes it suitable for the detersination of heteragencus
materiais and even of powder samples. The disadvantage of the
method is the very long time for a test and the limited
conductivity range (KC 2 ¥ --1K'1 ) - if you do not measurs

the temperature of the hot wire itself, but on a certain

point in the sample, it is possible to increese the
conductivity range up to 25 W u'1k'1).

The methoc is to become an international standard method for
testing refractories. A german prestandardisation sxists slready
(DIN 51 046) and s 150 standard is under elasboration.

Flash method
By the uss of this method the thermal diffusivity is determired.

In this method a flash of thermal energy is supplied to ons of the
surfaces of & disk specimen within s time intervel that is short
compared with the time required for the rssulting transient flow
of heat to propsgsate through the specimen. In most of the modern
apparatus 8 laser supplies a flash of energy to the front face

of a thin disk specimen. Thec dimensions of the specisen depend
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ef the design of apparatus used but sre in genersl about 10 mam
diameter and 1 to 3 =m height. At the rear facs of the specimen
the temperature time history is recorded. It is advantageous to
measurs the tesmperaturs by a contactleas method such as by
pyrometry in order to avoid the probleme with thermsl contacts,
responss time and heat transport slcng the wires using thermso-
couples. The thermsl diffusivity can be detsrmined from the
thickness of the specimen 1 and the time t1/2 at which the
backface temperature resches half its maximum value by the
sxpression

e = 0.13 1%/t

1/2

Advantages of this method are the very simple specimen
geomatry, simple operation, very quick messurements and a
wide tempsrature and diffusivity range. Because of thase
advantages it isaqvery guitabie method to genserate the data
for 8 data sheet and it is also a very proper quality control
instrument.

Flash diffusivity measurements are thersfore often used in
the field of material development work, e.g. very recently
for the investigation nf materials for cutting tools,
comented carbides as well as ceramics. Ancther field of
application is connecied to safety considerations related
to nuclesr pouwer stations. In that case it is important to
know the temperature distribution in e rssctor core after s
loss of coclant accident. In order to calculate this
distribution the thermsl diffusivity of Uranium dioxide at
very high tsmperatures and even in the molten stats have to
be known.

. Almost sll of the materisls can be esssy measured by the laser
flash method. Csre has to ba taken dstermining heterogeneous
saterials, because representstive ssmpling snd the achievement of an
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unidirectional heat flow may be difficult. Transluceat
materials can be only measured by this method if

the faces are overcoated with an opaque hsat abuorbing

layer. The method is a standard for diffusivity determination
of graphite samples up to high tesperatures. In addition work
is going on to establish it as an internaticnal standard
(ASTR @ 37.05.03) for diffusivity measursment in gesneresl.

The thermal conductivity can be celculated from diffusivity,
specific heat and density data as mentioned before.

THERBAL EXPANS]ON

Thermal expansion data are necessary for the calculation of
thermal stresses. In addition this property very well
charscterize the materisl, e.g. the determination of phuse
transition and the shrinkage during the sintering process

are important spplications of thermal expansion messurements.

The trend in advanced materisls is to develop matesrials with

very lou thermsal sxpansion coefficient. Such materials are

very suitable for high temperature application because of the
rvduced thermasl stresses and thermal shock sensitivity. On the

other hand the d;volopnant of these materiasls requires messuring
methods, which are able to determine even very lou thermel expansion

at very high temperature.

The iinear expansion céofficiont is the fractional increase in
length per degree rise in temperature st & particular temperature
and therefors given by ths following expression

. e (T) - '11' dT

Becvsscecscrlinear expansion cosfficient
1000...."0.1.n9th
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The seen expension coefficient, which is commonly rsported is
given by the equation

e - A L-Llo
Lo T - To

i.e. fractional increass in length as a result of increass in

tomperature from To to T.

Tube atomgters

These dilatometers sre the most commonly used orss. ¥ith the non-
differential tube type dilatometers the method is a comparison
asthod in which ths thermal expsnsion of the specimen iz compared
to the tube material, With a differential dilatometer the thersel

expeansion of a specimen is measured relative to & referencs material.

An imsportant application for differentisl expansion measursments is
for quality control. It is used nouw routinely for quality control
measurements for instance on gas turbine components and on glass-
ceramics,. Developments had to be mads to run the dilatometers at
high temperatures too. High temperature dilatometers are nowadays

made of alumina, tantalum or other refractory materials.

Interfarometers

With inter’erometric methods the absolute value of tharmsal sxpansion
can directly be measured. The number of fringes that pass s reference
point is a measurs of the change in length of the specimen. Using
these mathods it is necessary %to polish parallel optical flats on
two opposing faces of a rigid test block and to take measurements

of displacsment after ssveral hours of stabilization of temperature.
The accuracy of the mean therssl expansion coefficient is limited

by uncertainty in temperature uniformity but it is in the rangs of
10-8 K'1 over the tempsrature range of 25 up to 200°C. Because of
the rsquirement on the sample condition porous or thin bars can

not be measured by thess tschniques.




X-ray ssthods
The thermseal expansion of crystalline msaterisls can also be

measured with X-ray cameras and diffractometers. The principle
of the measurement is bssed on the change of the distance of
atomic planes with temperature. With the means of X-ray diffraction
the quantity of this changs can be messured.

When using the camers method the specissn has to be a fine-
grained polycrystasllizz cirs, a powder or a single crystal.
Instead of X-ray nsutron diffraction say used for special
measuresents of thermal sxpansion of materisls, which are
composed of light elements such ss special plastics and other
hydrocarbon based material. The aain dissdvantage coapared with
X-ray method is the price because for thermsl neutrons one needs

a8 nuclear reactor as source.

SPECIFIC HEAT

Specific heat also characterize the thermophysical-thermadynasical
behaviour of the material and it is necessary for the calculation

of thermal conductivity from diffusivity measurement and vice versa.
Therefore 8 description of some important methods is included in

this report.

The primary methods for the measurement of the specific heat of
solids which are cosmonly used are the methods of mixtures or
drop method, adiabatic method, comparative method, pulse heating
method and modifications of these.

Drop calorimetry
In 8 drop cslorimetry the heated semple is dropred in the

calorimetsr, where the heat given off by the sample to the
esnvironment is measured. According the medium to which ths hsat

is relessad the calorimeter is called ice, isothermal uwater or
copper bluck calorimetsr. The amount of hest released from the
specimen is messured by the temperaturs incresse of the medium e.g.
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water or coppesr.

1gse h th
For saterisls which ars slectrical conductors this method say
be preferably used. The specimen is directly hested by its
resistance. The current flawing through the specimen and the
voltage drops ars ssasurad.simsltaneously as s function of time.
The specific resistance at sach time interval is calculated from
the cross-sectional ares of ths ssmple, the voltage, the current
and the distance betwsen voltags probes. The spescific electrical
resistance is then plotted as a function of time. The specific
heat can be calculated from the mass of sample, the temperaturs
cosfficient of the resistance and the time rate o~ change of

resistivity.

Differential Scenning Calorimster

It is an apparatus commonly used to determine the specific hest
often it is used to generate the data especially for conversion
thermal diffusivity in thermal conductivity data and vice versa.
Small specimens - solid samples are often cylindrical shaped
with a diameter of about 6 mm and a height of about 1 mm - are
fastened on a heated sample holder and the heat input are
measured to achieve 8 linear increass of specimen temperaturs.
The calibration is checked with s reference material ususlly

a sapphir is used as standard.

RECOIIE”DATIOIS,SUII‘RY

2ESEZIESERSSSARERSRRSES
Becsuse of thes increesing economical relstionship betuesn
industriiized snd developing countries the nusber of goods,
shich the developing countries hsve to sell will probably
increease. In connection with this development there is s
strong demend on quslity control of the products they went
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to ssll abroad. Customers of the industrilized countries
have to be sure that the quality control is performed in
accordance with international status.

The best way to fullfill these requirement is to carry ocut
international standard tests for quality control. To assure
the quality of these tests the general trend is & largely
automatic procedurs, shich in particular means computer
controlled tests. The development in the field of mechsnicsl
testing, in which the amqunt of standard tests is very high,
shows the pcssibilities and tasks of the applilied electronics

and computers.

The same goal, higher quality assurance, is obtasined by the
further developments of tests, by which the properties are
checked under conditions closer to the practice. In the field
of mechanical propertiss examples are creep and fatigue tests,
which even run under corrosive atmosphere now. Beside the field
of norndestructive testing(it is not included in this report)

in which tests are further developped and new ones are found,

a rather recent method in materials testing is the application

of acoustic emission.

A completely different trend is described with the thermophysical
properties tests. Mechanical properties were aluays very important,
tharefore tests are established for a long time, which are

contin ously improved of course and completed, and the most
important ones are an international accepted standard alrsady.

In thermophysical testing the properties became more important
rslated to the energy situation and therefore thermal conductivity,
specific hest, thermsl expansion snd so on have to bs included in
materisl characteriastion to s much grestsr extend than in the
past. In sccordance with this trend soms new methods were developped
and the sccurscy of the existing are carefully checked. In addition
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there ars a nusber of standardisation procsdures going on.

Generslly spokun the modern trend in quality control is to
aske the tasts

quicksr
more accurate

more reproducible

more reliable

Yith respect to the development of quality control in

developing countries some recommendations may be mede

In genaeral it is very useful to apply a personal computsr to
ths test squipsent. Expsrience have shown that a personal
computer closs to the test is better than a huge centr:l
computing unit.

Every test should run sutomatically as far as possible.

In a field where standacd tests exist they should preferably
used.

for self-developed methods a routine procedure should be
established and documented. In addition it i1s important

to fix a quality assurance progrsmm for the test.

Related to the equipment, it should be pointed out, that

in many casaes the larger the poscible field of applicstinn
the moie eff.cient the apparatus are. Examplas are the
comparative or laser-flash-method respectively for thermal
conductivity msasurements, tube dilatomsters for thermel
sxpansion and the differentisl scanning calorimster for

the determination of specific hest.






