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- Dear Reader,

This is the eighth issue of UNIDO's state-of-the—art series in the field of
materials entitled Advances in Materials Technology: Monitor. This issue 1is devoted to
Materials Testing and Quality Control and is addressed to a select target audience of
policy-makers, scientists, technologists and industrialists in developing countries.

In each issue of this series, a selected material or group of materials will be
featured and an expert assessment made on the technological trends in those fields. In
addition, other relevant information of interest to developing countries will be
provided. In this manner, over a cycle of several issues, materials relevant to
developing countries could be covered and a state-of-the-art assessment made.

UNIDO has received good response on the content of the past issues, which covered
materials like steel, ceramics, fibre optics, powder metallurgy, composites, plastics
and aluminium alloys. In preparing the Monitors, the Department for Industrial
Promotion, Consultations and Technology is receiving valuable help from experts in and
outside of UNIDO. We hope to have their co-operation in our future issues as well.

This 1issue contains an article written for UNIDO by Dr. Wolfgang Neumana. It
contains furthermore articles referring to materials testing experience in Japan and in
the United Kingdom, as well as articles devoted tc materials testing for plastics,
composites and ceramics. Of course, .he sections "Current Awareness'", 'Marketing”,
"UNIDO's Activities”, '"Publications”, a list of centres doing materials testing and
research on quality control as well as a list of "Future Meetings — Past Events relating
to Materials" are covered in this issue again. We realize that the subject of testing
and quality control is as wide as the field of materials itself and we have tried to
make a selection which we hope will be interesting.

The UNIDO Secretariat would welcome information on materials and suggestions on the
format and content of the Monitcr from readers and would appreciate being included in
your wmailing list, if available, to onbtain without charge more information on the
development of new materials.

. K. Venkataraman
Seniur Technical Adviser
Department for Industrial Promotion,
. Consultations and Technology
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INTRODUCTION

Mudern qualicty control is always coacentrated oa
the investigation of a material's properties in
relation to the field of application of the specific
marerisl. For specializei fields it is therefore
necessary to develop nev methods or modify and
improve those already existing. Ir this scudy it is
not possible to describe all the recently developed
or modified methods owing to the large number of
tests vesulting from the increasing number of more
specific applications.

In order to give an idea of the i-leresting and
specific trends, twvo sets of investization and -ests
are reported on ir detail, both idenrifying
developments in this field.

The properties may be divided into

= Mechanical

- Electrical

— Optical and thermophysical propercties

The various trends may broadly be explained by a
description of the first (mechanical) and the last
(thermophysical) groups of properties.

The methods for determining the mechanical
properties are well established, even for advanced
materials and a large number of irternational
standard tests already exist. Considerable efforts
are being made to adspt these tests to specific areas
and to schieve a fully automatic testing procedure.

The chapter on mechanical tests therefore
includes general trends and gives some examples of
interesting specific methods which may be applied to
various types of material.

The second chapter concerns thermophysical
properties and gives s general description of the
development of the methods used. One of the msin
tasks in this sres is the improvement of experimental
equipment to achieve higher a:curacy rates, i.e. more
relisble data.

In the past simple experimental arrangements
were sufficient, but nowadays engineers and designers
need more accurste dats necessitating more
sophisticsted equipment. In particular, when
considering problems of energy saving, slight
improvements in isolation have to be messured as
these can result in a remarkable economic effect.

There are orly a few methods which have been
accepted as international standards but the number of
standard tests is increasing.

In this report the subject of the development of
wmeasuring methods shall be described extensively in
order to illustrate the trends in quality control.

It is slso anticipated that these methods will run
fully sutomatically some time in che future.

I. MECRANICAL PROPERTIES

Hechanical properties are still one of the most
important aspects of quslity control becsuse
resistance Co mechanics: impact ususlly determines
the object’s longevity.

Accordingly, teits to measure Censile strength,
hsrdness, ductility, etc. were developed long sgo and
sre nov routinely used, but in spite of wore wodern
methode they are likely to continue to be used in the
future. '

I

Mechanical tests slso play sn important role in

the quality control of advanced materisls. Due to

the specialities of rhese materials, their structure,
specific properties and fields of appplication, it is
often necessary to adapt or modify the existing
methods to their special requiremeats. There are a
great many of these modifications, when taking into
consideration the different types of advanced
waterials such as fibre-reinforced composites,
brittle ceramics, glass fibre-reinforced plastics,
high temperature resistant and high ductile metallic
alloys and so forth. Therefore in this paper some
typical methods, which probably are of a more geaeral
interest, are described.

Independent of the material to be examined
recent developments in the field of mechanical
testing have been concentrated on “wo tasks:

One such task is co test the »r-"erials under
conditions which are very close to those the
materials will be used for, i.e. on the one hand to
experiaentally determine the properties uader
conditions such as high temperatures or corrosive
atmospheres and on the other hand to test not only
small specimens of material but structural elements
such as tubes or even more complex elements. 'lhe
reason for this recent trend is the increasing sarety
and economic considerations. The more reliable the
dats, the more accurate are the calculatioans for
design and structure and therefore the smaller che
safety factor.

The second, which is in some way also connected
to safety considerations, is the iancention to achieve
a fully automatic control of the measuring
procedure. Apart from economic recasons, which are
probably not valid for developing countries, the
reason for automatic control is the better
reproducibility of the test procedure. Therefore, as
in other fields of science and technology, computers
and data scquisitivn systems are becoming more and
more important in quality control.

The applicarion of microcomputers in data
acquisition snd evaluation for materisls testing have
changed the methods and apparatus used. Nowadays
automatic measuring procedures, data scquisition and
evalustion can be affsrded by even quite smsll
laboratories. In addition the application of
microelectronics enables the design of compact
portable apparatys which can also be used outside the
laboratories. Time-consuming procedures such as
calibration of measurement systems and compensation
of disturbing influences can be carrried out by
suitable software which is nov availadle.

There are four main tasks which may be carried
out by electronic equipment:

The first and most importsnt is data
scquisition. An sutomatic dats acquisition system is
most valuable or even necessary when handling very
large numbers of measuring points and/or a large
quantity of dats. Second is the evaluation of the
data, which includes its reduction, calculations
using predetermined formulse and the documentstion of
process parameters, and the resuits. For these two
tasks personsl computers sre wainly used. Third is
an sutomatic control which is necessary to make the
test performances reproducible. The controlling
parameters may be time, certsin test parsmeters,
tempersture, stress and given limits. Fourth is the
control of the process psrameters, i.¢. the
stabilization of tempersture, the control of
temperature programme, losd cycles, gss composition
end so on.

In sddition there is another positive aspect for
using dats acquisition systems in meterials Cesting.
When connected with a central or main fiane computer
the dsts can be transferred and stored there and be
recalled by other technicsl or administrative
departments. For inscence the produc:ion units can




get a quick response to queries on the product’s
quality.

¥
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Tensile test

This test is the well-known standard test for
ce+asuring mechanical properties.

By means of up-to-date electronic equipment this
test has not changed in principle but the evaluation
of stress-strain diagrams is now much easier to carry
out aad it is therefore possible to drav more
information from the vesults of this simple test
procedure. Computers control the test procedure,
calculate the characteristic values such as ctensile
strengths, fracture toughness and so on, sIore the
data, compare them with other results and perfornm
statistical calculations. Statistics are very
imgortant when obtaining information on tre
reliability of average values and the scattering band.

B. Kotched bar impact test

The impact rest measures the fracture toughness
very quickly. Unfortunately, the results obtained in
the impact test are often not able to characterize
the bulk material quantitatively. T.erefore the use
of the impsct test is —sinly reduced to the
investigation of sheet materials, in which area it is
also used as a standard test.

In order to obtain more reliable information
from this test a recent trend in this
well-eszablished methed is %o be found in the
development of the instrumerZation often used in the
test. Instrumentation raises a new probl m in that
disturbing vibrations with high frequencies are
superimposed on the transient load-time ot
load-deflection record. The problem was investigated
and it was shown for instance that the predominant
vibration modes of a hammerblade are the longitudinal
7ibrations between the tup and the back of the
bilade. Because of these results a modified
hammerblade was designed with a special precaution
ziven to increased damping of the disturbing
vibratiors. 1t could be shown in an experiment that
most of the disturbing vibrations had been removed.
This finding will lead to an improvement of the
evaluations of the transiznt load-deformation-diagram
of an instrumented notched bar impact test as the
characteristic points of the diagram can be better
identified,

. Hardness test

The most well-known cf thes<e tests are the
Rockwell, Vickers and Brinell tests. These are very
cemmenly used as they can characterize mechanical
properties very simply and quickly, and therefore
there are not expected to be any remarkable chanpes
in thes~ tests ir the future, Nevertheless the
caunipment has heen improved and specialized for
up=tn-date requirements. Microprocessors and
camputers are also applied to hardness tescs and
fslly automatic tests are available. A further
improvement is the reduction in weight of che
rquipment making it easier fo Cransporl. Such
deviers are particularly suituble for the running of
rapid and reliable hardness tests, i.e. on-site
resting of large and heavy work pieces or fixed
installacion components; during the production
procass and especizlly during mass production; for
machines already installed at material stocage
depots; for the identification of maieiials at rot
rasily accessible lncations and in cramped space
conditions; and for testing variarinng in hardnese
af especially large wrsk pieces. In adidition to the
experimental improvements great efforts are heing

zade to obdtain the maximum amount of information from
the simple hardress fest. Formulae aad calculatians
are therefore bheing developed o show the cost
characteriszic vilue of the material as obrained
the geometric dimensians of the characteriszics
the test piece.

The iavestigation of micro-hardness is alsoe
becoming more populzr. Because of the measuring
requirements needed for such investigatioans, tests were
developed to run under fully Jutomatic conditions. Tiie
experiments were so successful that there is row an
automatic apparatus commercially availadle.

D. Creep and fatigue

Continuous deformation can occur in materials
and particularly in metals and alloys subjected to
high temperatures and to constantly applied force.
This time-dependent deformation is called creep. Tne
criteria for alioy developmen: for high-temperature
applicatior, e.g. for gas turbines, are mainly the
creep properties. When the creep characteriscics of
a2 material are well establisked, an engineering
component can usually be designed to achieve the
required life under specified operating conditiens
vithout failure due to creep.

The most widely used technique for providing
engineering data involves the tensile creep rupture
test machine. This consists of a dead weight appiied
to a lever system acting on a teasiie cylindricai cr
sheet-shazed test-piece with the gauge perfion heated
bv a resistance furnace. Temperature, load, ruplure
time and rupture elongation are the parareters
measured.

If strain versus tire relalionships nave o o»
measured a strain recoriiag srstem 1s needed. For
this purpose rLest-pieces with ledges at the fwoe encs
of the zauge length are uscaily adapted. The
relative displacement of the ledges is Cransterred
out of the furnace and then measured. ikigh
sensitivity inducCive or capacitor transducers have
repiaced mechanical and optical systems, theresy
facilitating automatic data logging and their
compuzer elaberation. If fast strain variations or a
aighly discurbed strain signal have to be measured a
continuous recording, usually by a chart recorder, is
better than logging pairs of discrete values of
strain and time. Fatigue data currently obtained and
used in engineering design and performance assessment
are endurance data, usvaliy in the form of an S-N
(S = stress, N = number of cycles) or £ -N
(€ = strain) curve. Endurance curves are derived
from con<tant amplitude tescs on piain specimens or
structural features.

Recently nvdraulic cloied-loop and
computer-controlled machines far mechanical testing
. we become available., This modern, versatilc

e 'se equipment permitls cooplex tenstile,
compte.sion and hending stress cycles to be carried
out and .s Cidely used for fatigue and creep at
variable loads, fnr creep faligus and stress
relaxation Ctests,

and

A further aspect directed to lifetine prediction
iz thermal fatigur., Most low-cyele faligue pronlems
in high=temperature machinery involve thermal as well
as mechanical leadings., Thermal ioading means that
the material s subjected to cyclic temperature
simultaneously to cyclic stress, Analysis of tnese
I~radings and consideraic: of the atrtendant fatigue
hecomes very -omplex. Racent advances in aralysis
methods, e.g. finite nlecent coampute. programmes and
testing equipmernt e.p. servaiydeau’ic test svatems,
hrlp ro solve these problems.




E. Acoustic emission
Aco3stic emission

A-oustic emission is called quasi
non-destructive testing as there may be elements in
the specimen which could lead to damage of the
material. Nevertheless it is being used more often
in material testing. In general, acoustic emission
can be defined as an elastic wave generated by the
release of energy internally stcred in a structure.
Acoustic emission "sources™, vhich can be described
as different processes emitting elastic waves, can be
classified into four different groups:

- Dislocation movements

- Phase transformations

- Friction mechanisms

- Crack formation and extensions.

With regard to mechanical properties criack
formation and extension is the most importan: of

these groups.

The highest amplitudes of tue emitted signal are
also generated from crack formatiom. It occurs at
surface notches or st points inside a material wvhere
Iacal stresses exceed the fracture stress. Crack
formation results in the creation of new surfaces and
strain energy is released which is partly transformed
to acoustic emission signals. 1If the source emits a
spherical wave packet, it will be propagated as such
only in an infinite isotropic, homogeneous, ideally
elastic medium. In real structures the propagation
will be effected by surfaces, grain houndaries,
microcracks, inclusions etc., amisotropy,
inhomogenities and non~linear elastic behaviour.

When the emitted stress wave

electrical signal which can be Ctreated electromically.
After awplificsrion end a proper evaluation of the
signal a more detailed knowledge of the nature of the
source can b2 obtsined. A detailed analysis of the
wvaveform, the frequency spectrum and the amplitude
distribution is often necessary.

Some of the advantages of the method are remote
detection and location of flaws, avd high sensitivity
and detection of sctive flaws. On the other hand
some of the limitations are s high dependence on
materisls and coupling methods, difficulties in
detecting spurious sources and limited information on
the types of flaw. Because of the potentials of the
method it is already used in testing different kinds
of advanced materials.

A separate and very important field of quality
control is testing by non-destructive methods (NDT),
but due to "he wide scope of this field it i: not
possible to delve into it in this report. The great
number of tests used in this field, which is still
inc casing, may be divided according to the physicsl
propertiss the Cests are based on:

- Optical methods (holographic methods)

- Radiological methods (abssrption,
diffraction, transmission, reflection of
particles and radiation)

-~ Nu-lear physics methods (sctivation analysis)

= Elastic oscillation (aroustic waves,
ultrasonic tests)

= Hegnetic and electrical methods (scattering
and diffraction of microvaves or magnetic
fields, eddy curtent tescs).

rveaches the transducer
the strers-strain condition has to be converted into an

L)

Fer more detatls the relevant literature should
be referred to.

II. THERMOPHYSICAL PROPERTIES

A. Density and porosity

Density and porosity are important parameters
vhen determining the condition of a material. Ofcen
the knovledge of theoretical density and porosity is
sufficient for a rough estimate of che properties of
porous materials but many properties are influen~ed
by porosity, e.g. thermal conductivity, electrical
coaductivity, some mechanical properties, etc.
Particularly vith regard to advanced materials, suck
as high-tech ceramics and gowder metallurgy (P/M) do
the values of porosity play an important role acd
indicate the qualicy of the product.

At the outset, the definition of density and
porosity should be noted:

- Bulk deasity: the mass of the material
divided by its bulk volume, i.e. iCs total
vclume including internal pores:

- True density: Cthe mass of the material
divided by the volume of solid macerial,
excluding open porosity;

- Theoretical density: cthe density of Che
material, excluding all forms of porosity;

- Total porosity: the volume of void space
within the marerial divided by the bulk
volume, expressed as a fraction or
percentage;

- Open porisity: cthe volume of void space
within a material accessible from the
exterior, divided by the bulk volume; and

~ Closed porosity: the volume of void space
within the material iunaccessible from the

exterior, divided by its bula volume.

The bulk density of samples of simple geometric
forms such as cylinders or cubes can be easily
determined by their dimensicn and weight.

To determine the true density, the displacement
principle is used. Modern pycnometry represents a
refinement of the displacement principle and often
uses a gas a&s cthe displaced medium. In gas
pycnometry the volume displacemeat 1s determined from
the pressure-volume relationship of a2 gas under
controlled conditions. Helium is recommended instead
of 8 liquid because it does not adsorb Lo most
materials, can penetrate pores as small as 0.1 mm and
behaves as an ideal gas. Furthermore, there are no
problems with wetting, interfacial tension snd
evaporation.

Another method for density measurement is based
on the sbsorption of a mono-energetic X-ray or
P radiation. The rate of absorp:iion depends on the
thickness of wave length, atomic numbst of the sample
material and it density. Wave lergth, at~mic number
and thickness can be kept constani. The resulling
constant (K) can be determined by calibration with a
material of well-known density. T'e density of the
specimen marerial can be calculated rv the following
expression:

d = 1a {111

[ = intensity of radiation

fo » inicial intensicy of radiation




It is possible co calculate the theoretical
density aof cystalline materials from che
characteristics of the elementary cell, that is the
number of their atoms (Z) aad structure type, the
distance between atomic planes (a) and the atomic
weight (A). For a cubic crystal the theore:ical
density (d) is given by the expression

d =A.24
N.a

vhere A/N is the weight of one single atomw
(N = Loschmitt number). The required structure data
are obtained by X-ray structure analysis.

A more specific method is the levitation method
vhich is used to measure the density of powvders and
small particles. The material is dispersed in a
l11quid of which the density is continuousiy changed
by the addition of a second liquid of a different
density. Levitation of the particles indicates that
their deasity is egual to the density of the liquid
mixture. The latter caa easily be measured by
determining volume and weight.

Total porosity is difficult to measure. One
approach 1s to grind the material to a powder finer
than the smallest inter-space distance and comparing
the powder density with the bulk density. When
measuring the density of the generated powder one has
to take care that the fine powder particles do not
trap bubhles during immersion in the liquid of the
pycnometer. Another way tc determine total porosity
is to compare the bulk density with the theoretical
value measured on the same msterial or taken from the
relevant reference literature. Alrernatively, total
porosity can be estimsted by a line intercept or ares
counting method of a carefully prepared and polished
cross-section

A suitable method for measuring open porasity,
and one which is gaining popularity, 1s mercury
porosimetry. This method uses the penetration of
porous solids by mercury under pressure in crder to
determine the pore volume and pore size distribution
of interconnected pores ranging from 500 to 0.003 m
in diameter. The porous material to be analysed is
placed into s mercury porosimeter in which the volume
of mercury absorbed by pores is measured as a
function of the pressure applied to che mercury. The
technique has been applied 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:

D= -qu cos1L

Where p is the pressure required to force the
mercury through a pore of diameter D., *Gs the
contsct angle between the mercury and the porous
material. is the surface tension of mercury.
Merzury is used as the intrusion liquid because it
does not wet most materials, a fundamental
requirement of the method.

B. Thermal conductivity and diffusivicy

Hest flow anrd temperature distribution datermine
energy consumption. Due to the importance of energy
conservation, thermo-physical properties are becoming
increasingly imporcant and considerable effort is
being made to sccurately measure the t.ermal
conductivity of insulating macerial and conductive
materials.

In the experimental determination of the thermal
conductivity of solids, » number of different
measuring methods are vequired for dit.erent degrees
of zemperature ard classes of materials with

differing rates ¢f shermal conductivity values. A
particular method may therefcre be preferable to
others for a given material and temperature range,
and no one method is suitable to all the recuired
conditions of measurement. The appropriateness of a
method is further determined oy such comsideraticns
as the physical nature of the material, the geometry
of available samples, the required accuracy af
results and the speed of operation.

Two measuring principles are the basis for all
methods of conductivity determination. First, the
method with & steady state heat flow in which the
test specimen is subjected to a temperature profile
wvhich is time invariant. The thermal conductivity is
determined directly by measuring the rate of heat
flow per unit area and by measuring the teamperature
gradient after equilidrium has been reached. Second,
the non-steady state method in which Che temperature
in the specimen varies vith time. Using this method,
the rate of temperature change is measured. From the
data and geometric. dimensions obtained the chermal
diffusivity caa be determined. The thermal
conductivity K is then calculated from the therzal
diffusivity a, the density d, and the specific heat
Cp of the material according to the formula:

K= a.d.Cp

Some of the methods commonly used in order to
determine the cenductivity of advanced materials are

described in more detail.

Guarded hot plate

This steady state method is more commonly used
for low—conductive materials such as fibre insulating
material, highly porous samples and compacted powders.

The shape and size of specimens used in various
apnaratus are different, but in general the specimen
lengtn-to-width ratio is small, because the smaller
this ratio tie smaller the r- io of lateral heat
losses of the hear flow to the speciaen. The
absolute vaiue of the diameter of a disk-shaped
specimen commonly used may even exceed 1 m.

The experimental arrangement is so Jdesigned that
the flow of hear is only in one direction, i.e. the
axial direction of the cylindrical specimen. Radial
heat losses are prevented o. minimized in most of the
apparatus by the use of & guard heater which is so
adjusted that the temperature gradient is zero in all
directions except in the direction of the axial heat
flow.

Provided that the above-mentioned requirements

are fulfilled the thermal conductivity can be
determined by the following equation:

K=-qa8x
a

K = thermal conductivity

q * rate of heat flow

A = cross-sectional area of the specimen

AT = temperature difference between two points

of measurement along the heat flow
directions

x » discance between the po:ints of temperature
measurement

In most modern apparstus the rate of heat flow
is determined by the power 1npul to an electrical

heater, but it may almo be determined by a
calorimeter or s heat flow meter. Temperatuve




=easurerents are generilly sade with thermo-oo
:sevted in the specimen or emdedded in grooves on
the specizen's surface. The methad 13 fatcly
saecessful up to ahour 4009C.

The guarded kot plate method is very well
Zeveloped and very cooronly used in -essarch
institutes as well as in industrial laboratories.

te its wide ranze of appliczabilicy it is ch
importaat zethod for letermiizing almost every kin
tnsulating material used in technical applications
and buildings.
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Recert work on improving the method was main
rested towaris evaluating heat loss, vhich ts not
extively regligible, in orier o> ¢ rrezt the oblaines
sesuits and iacregse their acIiuracy.

carried our while
sspheric

Irveszizazions are also >
runaing the apraratns unler
pressures, becauss the kind of gas and
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tasulating material.
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This methol Is als based :n oa lomgt
czoady state neat flcw, The rate of h2at
totermine? by the te=nerature drop in a re
~atevial. The reference samplie 2
= uCIivity is pilaced in series with (he
scecimen. !"ader ideal condiZiens, that =mean
<3ame vate of heat flow througzh the refere
an? the specimen. The thermal conduzrivits ~an be
terminad by uyse af tha followinz formula
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where the suhssript r represenls the refersnze sample.

~parative methods have the advantages of
apparatus and easier operation ani because of
v+ are very suited o the field of material

th
spmeat, since thew can ickly provide thermal
-
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vity data on new materials. In particular
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o i essing number of composite materials can be
~asily tested by this method.

The results obrained are of lasser accuracy than
those ohtained via the hot plate hod as a result
~f the uncertainty of conductivity of the re‘erenro
sample, the coaducrivity mismatch belween specimen
ard zeference sazple and the interfacial thermal
cintact resistance. The melhod is generally used in
the temserature range ~f =50°C up to 9537°C
Abave 950°C it i< very difficult to reduce heat
Tass and Ctherefore measurine iz nsr usually cs
al,

Far special purposes methods with radial stealy
“tate heatflow Have alse been develaped. A
sviindrizal methind is the most impartant of thets Sur
is only used far special applications, ~.p. thermal
eorductivity measurements of pranules or powlers
Recasse of the rather camplicated spezimen
nreparazion,

ik calenlated from rhe

The canductiy
rapressinng
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I = length of the central heater

Ty,T2 = temperatures measure! at radii ¢
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Line heat soursa meinad

This method ures a lonp thin heater wire as lin=
source. The wire, uszally =ace of platinum, is
supplief with a censtant power irput. This hot
wire - the methed is often called the “kor wire

methaé” - is »mdedlcdé in a2 large specimen, which is
inizially at 1 uniform temperature. After the heater

ts turned on the Temperature of the hol
recorded as a function of time.

The thermal conductivity is given by the
expres;ion:

4 k-2 }
—— =
“wi \hﬁ_rll
T:-T; = temperature Jifference between two

£,

paratura
Rt rather a Jertaln poing
rossthle T iacrsise the fonductivi Tange wp Ia

250w moixl,

e metiod ts to become an infernati~nal
standard method for testiug refractaries.
pre-staadardization already exists (DIN 51 832, and
an 180 staniard is under elabarazicn.

Flash naethac

Thermal diffusivity is determined
mezhod is used. A flash oo thermal eneryg
supplied to 2ne of the su:faces of a disa sp; icen
withia a time imZerval tha: is short compares Is Ine
Cime required Jor the rasultiag tramsient fiow of
heat to be propagated taroug™ the specim.a. i wost
modern equipment a4 iaser supplies a Liash of energy
to the froat fate of a thin disk specimsa. The
dizmensions of the specimen iepend on the lesiga o
e eputpasn? being used, bul are in geserai ad:iu

.
1. mm in diameter and | to 3 ma high. Tre
temperalure * history is recorded on Che rear lace
27 the specimen. It is advantagedus o measure Ine
perature DY 3 contaciless mel
prrametre, v arder To avold prodblems wi thermal
conzacts, respoas: time and near traaspors alon; the
o

<, sus

4

ires azing thermocouples.  The thermal
an he datermined from che thicvness ol the

o

specimen I oand the time [~'7 a0 wihipeh The bas
terperature reaches halfd 1ts maximo= walue b

eXPTTT AN

The afvanlages of s melnod qre ste

simpie spesimen peamelrs, siaple operation,
medsurensnts and 3 wide femperature and
Tange.  Arcqubie ol these advantagdes 18 15 o4 very

suttable mechod for generating data for a4 data shee
and 18 alsa a very pood cuality-control tasicument,

Flash diffusivity measufe o 1o are therelore
atten used in the firld of matertal oovelopment woure,
At when investigating macerials for ool cutting,




cemented carbides and ceramics. Another field of
application is connected to safety coasiderations
related %o nuclear power stations. In this case it
is important to kmow the tecperature distribution in
a reactor core after an asccident involving loss of
coolant. In order to calcuiate this distributioa the
thermal diffusivity of uranium dioxide at very nigh
temperatures, and even ir the molten state, have to
be known.

Kimost all of the waterials can easily be
measured by the laser flash method although care has
to be taken in determining heterogeneous materials
because representative sampling and the achievement
of a undirectional heat flow may be difficult.
Translucent materials can only be measured by this
method if the faces are coated cver vith an opague
heat-absorbing laver. The method is standard for
diffusivity determination of graphite samples up to
high temperatures. In additon work is being done to
establish it as an international standard
(ASTM e 37.05.03) for diffusivity measurement in
general. Thermal conductivity can be calculated from
diffusivity, specific heat and density data as
mentioned before.

C. Thermal expansion

Thermal expansion data are necessary far the
caleculation of thermal stresses. In additiom, chis
property characterizes the material very well, e.g.
the determination of phase transition and shrinkage
during the sintering process are important
applications of thermal expansion measurezents.

The trend in advanced materials is to develop
materials with very low thermal expansion
coefficients. Such materials are very suitable for
high temperature application because of the reduced
thermal stresses and thermal shock sensitivity. On
the other hand the development of these materials
requires messuring methods which are even able to
determine very low thermal expansion at very high
temperatures.

The linear expansion coefficient is the
fracticnal increase in length per degree rise in
tempersture at s particular temperature and therefore
given by the following expression:

a(t) = 1 dl
T a7

a = linear expansion coefficient
1 = length

The mean expansion coefficient, which is
commonly reported, is given by the equation

A<l L-1lo
- !'to

t.e. fractional increase in length as a result of
increase in temperature from To to T.

Tube dilatometers

These dilatameters are the ones most commonly
used. With the non-differential tube type
dilstometers the methnd is a comparison method in
which the thermal expansion of the specimen is
compared to the tube material, With a differencial
dilatometer the thermai expansion of & specimen is
measured sccording to s reference material.

An important applicstion for differential
expansion wessurements is in quality control., IC in
now routinely used for quali:y control measurements,
for instance on gas turbine cowponents snd

glass-cerasics. Improvements had to 2e =made to zun
the dilatocerers at high temperatures.
High-teaperature dilatometers are nowadays =ade of
aluzmina, tantaluz or other retractory materiais.

Interferometers

With interferometric methods the absolute valge
of thermal expansion can be directly measured. The
number of fringes that pass a reference pornt is a
aeasure of the chaage in leagth of the speciwmen.
Using these methods it is necessary to polish
paralliel optical flats on two apposing faces aof a
rigid test block and ta take measurexmernts of
displacement after several hours of temperature
stabilization. Tre accuracy of the mean thermal
expansion coefficient is limited due o uancertainties
in temperature uniformity bul it is within the range
of 107° K™! over the temperature rarge of 259
to 200°C. Because of the requisites of the
sample's condition, porous or thin bars cannot be
measured by these techniques.

X-rav nethods

The thermil expansicn of crystziline materials
can also be measured with X-ray cazeras and
diffractomerers. Tne principle of the measurexearl is
based on the change of distance of atomic planes with
temperature. By means of X-ray diffraction the
exteat of this change caz be measured.

wWrhen using the camera method the spelizmen has to
be a fine-grained polycrystalline wire, a powder or 2
single crystal. Instead of using X-ray diffraction,
revtron diffraction may be used for special
measurements of thermal exparsion of materials wnich
are comjdsed of light elements such as special
plastics and other hydro.arbon-based material. The
main disadvantage when compared with the X-ray method
is price, because for thermal neutruns a aunclear
reactor is required as their source.

D. Specific heat

Specific heat also characterizes the
thermophysic-thermodynamic behaviour of the material
and is necessary for calculating thermal conductivity
from diffusivity measurement and vice versa.
Therefore a description of some important methods is
included in this report.

The prime methods for measuring the specific
heat of solids which are commonly used are the
mixtures or drop method, the adiabatic method, the
comparative methnd, the pulse heating method and
modifications of these.

Drop calorimetry

In drop calorimetry the heated sample is droppec
in.o the calorimeter and the heat given oftf by tne
sample to the enviroament is measured. Depending on
the medium to which the heat 1s released the
calorimeter is called an ice, an i1sothermal water or
copper block calorimeter. The amount of heal
released from the specimen is measured by the
zemperature increase of the medium, o.g. water or
copper.

Pulse heating methad

For materials which are elerctric conductors this
methnd may ba preferable. The specimen is heated
directly by its resistance. The current {lawing
through the specimen and the volcage fluctuastions are
measured simultaneously as & function of time. Tre
specific resistance or each time interval is
celculated from the cross-sectional srea of the
samplt, voltage, current and distance between voltage




prabes. The specific electrical resistance is then
plotted as a function of time. The specific heat can
Ye calculaced from the mass of ~he ssmple, the
temperature coefficient of the resistance ara the time
vate of resistivity change.

Differential scaaning calorimeter

This is an apparatus commonly used to determine
specific heat. It is often used to generate data,
pariicularly for conversicn of thermal diffusivity in
thermal conductivity data and vice versa. Small
srecimens - solid samples are often cylindrically
shaped with a diaceter of about § mm and a height of
about 1 mm - are fastened to a heated sample holder
and the heat inputs are measured to achieve a linear
increase of the specimen's temperature. The
calibration is checked with a reference materlial.
Usually a sapphire is used as a standard. ~

III. RECOMMENDATIONS

Because of the increasing econom’c relationships
bdetween industrialized and developing councries the
number of goods which the developing countries offer
for sale uill probably increase. In conneczion with
this development there is a strong demand for quality
control of products originating in developing
countries and the industrialized countries wish to be
sure that the quality control is performed in
accordance with international standards.

The hest way of fulfilling this requirement is to
carry out international standard tests for qualicy
control. To ensure a consistent quality of these
tests “here is a trend towards largely automatic
procedures i.e. compuler controlled testing.
Developments in the field of mechanical testing, where
the number of standa-d tests is very high, shows the
possibilities anc tasks of applied electronics and
computers.

The same goal, that is a higher quality assur-
ance, is obtained by further improvements to existing
tests, whereby the properties are checked under condi-
tions as close as possible to their intended applica-
tion. In the field of mechanical propcrties, the
examples are creep and fatigue tests, which can even
now run under corrosive conditions. Apart from the
field of non-destructive testing, which is not covered
Sy this report in which tests are improved further and
new ones invented, a fairly recent method in macterials
resting is the application of acoustic emission,

A completely different trend is observed with the
thermophysical properties tests. Mechanical

properties wvere alvays very important, therefore tests
for these have existed for s long Cime and are being
continuously improved and expar .ed. The most
important of th-~se are already internationally
accepted standards. In thermophysical testing the
properties become more important relative to the
current energy situation and therefore thermal
conductivity, specific heat, thermal expansion and so
oa have to be included in material characterization to
a far greater extent than in the past. In accordance
with this trend some new c.thods vere developed and
the accuracy of existing ones were carefully reviewed
and a2 number of standardization procedures are
presently being carried out.

In short the modern trend in quality control is
to make the tests

- Quicker
- More accurate
~ More re=producible
- More reliable
With respect to developing cuality contral im
developing countries some recommendations may be
nade:
- In general it would be very useful to apply
personal computers to the cest ej:i;menc.
Experience has shown that a PC placed close ¢

the test 1s bettec than a huge ceatral
computing unit.

- Every test should be un as far as possible
automatically.

- In a field where international standard tests
exist these should preferably be used.

- For self-developed methods a routine procedure
should be established and documented. In
additia it is important to fix a quality
assurance programme for the tesc.

- In relation to equipment, it should be pointed
out that in many cases the larger the possible
field of application, the more efficient is
the apparstus. Examp’es are the cumparative
or laser-flash method for thermal conductivity
measurements, tube dilatometers for thermal
expansion and the differential scanning
calorimeter for the determinarion of specific
heat.




Standardization of testing, evaluation methdids
reviewed: Japanese experience N

Over the next five years, the Agency of
Industrial Science and Technology, part of the
Ministry of International Trad= and Industry, will be
promoting standarization (the establishment of
standards in the Japan Industrial Standsrds [JIS]) of
testing and evaluating methods in tie three fields of
fine ceramics, nev organic composite materials, and
anev metallic materials. The purpose of this project
is Zo0 make possible the mutual comparison of test
data. By establishing JIS standards for these fields
involving revolutionary new waterials, the Agency of
Industrial Science and Technology aims not only to
react with feliribility in quickly estadblishing and
modifying standards while taking into account users'
needs and technological developments, but also to make
international standards of the ISO (Internationai
Standards Office) a reality. The agency wvants °_ seek
the future direction for JIS standardization, with the
Long-term Plan fnr Promotion of Industrial
Standardizatien of the Japan Industrial Standard:
Research Council (an advisory body to the Minister of
International Trade and Industry) as a focal point.

The field of new macerials is a key technologv

The requirements of nev materials asre increasing,
exemplified by the Aemand for lighter, stronger, and
less costly materials. Of course, the development and
application of fine ceramics, organic composite
materials, and nev metallic materials came about in
response to such requirements. In the field of fine
ceramics, research snd development is making rapid
progress in oxide-based fine ceramics, as well as
non vxide-based fine ceramics, such as nitride-based,
carbide-based, and carbon-based fine ceramics. In the
ares of functions, it is expected that a variety of
materials will be deve oped having functions such as
thermal and chemical stability, electrical
conductivity, and ferroelectrical properties  as well
as new propert’2s which combine these functions.

In the field of new organic composite materials,
the requirements sre increasing in level and in
variety, and developzents are being made which will
further increase the fuactional and performance
levels. Highly functional polymer materials have been
used in electrical materials, optical materials,
photosensitive materials, separation membranes, etc.,
but there are many more applications to be researched
and developed. Since highly functional polymer
materials snd high polymer composite material. have
excellent thermal properties, mechanical ;roperties,
durability, and molding properties, progress is being
rade in applying them to many fields, ircluding
electrical and electronic parts, magnetic tapes,
sutomobiles, and sircrafe.

In the field of ne. metallic materials, progress
is being made in the research and development of new
metallic materials possessing physical functions such
as shape memory, hydrogen storage, or the sbility to
change light or pressure into electricity, and
chemical functions such as cetalytic properties.
These macerials asre cslled highly furctioral new
metallic materials. On the other hand, the develop-
ment of high performance new metallic waterislis is
also progressing, »ith emphssis on requirements such
as puper hest resistance, super plasticity, high
strength, high corrosion resistance, super
conductivity, and vibration resistance.

Preconditions for testing and evalustion not yet
deternined

The oversall field of these nev materials covers a
wide range, from matecrisls cthat have slready achieved
practical spplication to those thst hsve yet to be
researchad and developeld, In the future, these new
meterials ill play an essential role in the
development of advanced technologies such as
electronics, mechatronics, new energy, and serospace.

Since the prerequisites for testing and
evaluation of the basic properties of these new
materials have nut yet been <determined, there is a
lack of reliability with respect to these materials,
and there are obstacles to their smooth development
and application. [f both makers and users could test
and evaluate new materials using the same methods,
there would be no problem, but whern users are deciding
vhether or not to use {purchase) new materials, they
ususlly have their own tests. Thus, the lack of
reliavility resulting from differing methods of
testing and evaluation hinders the developwent of
applications of new materials.

It has therefore become cssential to systematize
and standardize (to establish JIS standarcs) testing
and evaluation cethods so as To permit mutual
comparison of data. If such systematization aad
srandacdization becomes a reality, not only will it be
possible to establiish more trust between mawars and
user<, but it will aiso become easy to determine the
technological level of nev materials, aad it will
become possible effectively to promote the development
and application of new materials.

The Agency o>f Industria. Science and Technology
receznizes that since nev marerials will be used to
increase the level of advanced technological fields
and to increase the level of a variety of products,
the testirg and evaluation of the materials will
differ from that of past materials. These differences
ace as follous: (1) The level of the characteriscics
will differ; (2) The environments and conditions
under vhich the materials will be used will be more
rigorous; (3) The requirements for reliability will
be hizh; (4) It will be necessary to evaluate quality
in field conditions; (5) It will be necessary to
evaluate quality from the standpoint JOf processing
charazceristics; (6) There will De a greater variety
of tests and evaluations; and (7) The tests and
evaluations will be more reliable. The standardiza-
tion of testing and evalustion methods for new
materials will be difficult if already standardized
methods of testing snd evaluating existing materials
are used just as they are. It is thus considered
necessary to develop new data bases and new testing
methods for standardizations.

The difficulty of obtaining "consistency”

JIS standardization should be conceived of in
such a2 way that the system of standards is
consistent. The types of standards include "Basic
Standards”, "Standard Meth~is of Testing and
Evaluation”, and "Product Standards”. In the case of
basic standards, plastic terminology standsrds
(JIS K 6900) were established in 1977 for new organic
composite materials, and efforts zre being made to
make this terminology consistent with that of -he
IS0 (Incernational Standards Organizaction).

Standards have been established for metals in
JIS G 0203 (Steel Terminology - products and qua'ity),
but given the present state of development and appli-
cation of new materials, it is necessary to unify
term‘nology in all fields of new materials. For
example, the term "delay fiacture”, referring to
meciianical properties of st.ucturs! materials, mesns
“The phenomenon of a sudd'r brictie fracture of a
material which has been used over a long period of
time under ststic stress st room temperature, due to
the influence of hydrogen”, in the field of metsls,
but in the field of ceramics, it means "creep”. In
order to seiect materials based on their properties,
there should not be contrsdictions among Che defini-
tions of the terms in each of the three fields of new
materisls. In order to avoid this, it is Chought that
before deciding on terminology in esch of the fields,
priority should be given to the establishmweat of JIS
ntandards, since there is a need to standardize the
terminnlogy standards as one of the basic standards.

With regard to "Standard Matho’s of Testing and
Evaluation”, common testing and evsluation items will




be established for all materials, since there are many
classifications in the three fields. Furthermore,
tndivilual testing and evaluation standards will be
common to all three fields, as in the case of basic
standards, so as to simplify decisions regarding the
potenzial use of a sample and its reliability as a
material. Also, due to the partial revision of
standards for existing materials, those that can be
aprlied to new materials will be put to practical use.

It is hoped that standardization of "Preduct
Standards”, will proceed in a timely manner, with
users’ needs, trends in technology development, and
trends in demand taken into consideration.

In the actual process of standardization, Basic
Standards and Testing and Standard Methods of Testing
and tvaluation will be given priority, in accordance
“ith the timing of the establishment of JIS standards.
Furthermore, the policy for JIS standardization will
be to give priority to individual materials which are
strongly desired by both makers and users, and which
have already appeared on the market, and in the case
of testing methods, priority will be given tc methods
that will effectively promote the expansion of
research and development of materials and the dzvelop-
menl of applications of materials. In the case of
fields in which there is significant technological
progress, speedy revision will be carried out se that
the standard can be established and publicized in the
necessary Cime period. Also, if necessary, schedules
and proposals from stages prior to establishment of
the standards will be made public 8s necessary to
promote a progressive and flexible process of
standardization.

In addition, research into foreign and domestic
trends in standardization necessary to determine
priorities for standardization will be improved and
intensified. The aim of this research will be to
organize data bases for test data and systematically
to determine users' needs. Its application to
internationslization is also considered important.
Since i: is expected that "friction” in the field of
advanced technology will gradually increase in the
futu., ~he p: iicy will be to make known both
domestically and abroad the need for the establishment
nf JIS stsndards as well as their content, and fo
abtain an international consensus, and also to pronose
the use of the JIS standards as international
standards.

The speedy establishment of an organizatinn for
evaluation proposed

The general direction of JIS standardization with
regard to testing and evaluation methods for new
materials has been indicated, but there scill remains
the task of organizing a system for carrying out the
testing and evsluation in question. The more
innovative the new material is, or the more limited
its application, the wore costly will be the equipment
for testing it, and since the equipment will not be
used so frequently, the cost of testing and evaluating
new materials will be high, The use of testing and
research facilities of national organizations such as
the Agen:y of Industrial Science and Technology has of
course been suggested, burt the fact is chat there are
limicts.

The importance of gathering and storing test data
has becn pointed out, but there is no suitable system
for sccumulating and making the data aveilable.

It is clear that this is & problem that cannot be
solved by a private enterprise on its own. In the
field of materials, s Fine Ceramics Centre has been
set up as a foundation, but since the local industries
in the Chubhu region of Japsn sre very prominent in
this project, it is not exactly the type of centre
that is needed, In the fature, the use of public
funds to establish centres such as the Fundamental
Technnlogiea Research Promotion “entre, the
co-aoperation of national and prefectural research
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laboratories and nonprofit foundations, as well as
links between private companies and universities, and
the establishment of other comprehensive systeas to
promote data gathering and dissemination will be an
urgent task. It is expected that the establishmeat of
testing and evaluation functions will become even more
necessary as more new techaclogies are developed.
(Excerpts from an article written by Noboru Morishita
in Japanese in Tokyo Nikkc Materials, January 1986)

Tire to measure quality costs: UK emperience

Customers worldwide are increasingly demanding
higher product quality and value for money, and
overseas competitors are placing a high priority an
improving their quality performance. While many
people in the UK are concerned about the co: of
implementing such quality control procedures, Iew have
a clear understanding of how much poor quality is
actuall, costing them.

The cost of quality can be divided between thre>
main functions, namely: failure, appraisal and
prevention. And one of the uain reasons given for the
lower quality costs of other major industri. lized
nations is the level of attention they give to failure
prevention. This takes in the cost of ail raw
materials, components and finished goods which fail to
comply with specification (and includes scrap, rework,
design mods, formal complaints and customer returns).
In other words costs incurred because the product’/
component was not wade right in the first place.

While quality control is scill directly ‘ied up
with inspection, the 2mphasis is now firmly on using
metrology-type data to gauge and in some cases control
the variability of the manufacturing process. & whole
range of electronic and optical instruments are now
controlled by microprocessors and many can be hooked
up to data-processing units or micro—compute-s for
data recording, statistical analysis and the supply of
much vsluable management information. The spread of
inspection equipment which can be linked to a computer
and used to offer some level of process control ranges
from the humble micrometer right {albeit of the
electronic variety) through in- and post-process
gauging stations, right up to co-ordinate measuring
michines.

The idea of establishing process variabilircy
isn't new - only the techniques of gathering and
processing such information have changed.

Today's methods of process control are less
mechanically orientated, ceatring firmly around the
use of electronics and optics. And the processing
power of the computer (and its ability to analyse and
present these messured values in different ways) has
done much to transform established statistical
analysis procedures into useful and dynamic quality
tools. When combined with automatic size controil,
such control equipment has the ability ¢ correct
dimensional drift long before an out-of-toleranced
part is ever produced.

Electronic mikes

Also capable of being linked to a host computer
(by way of its RS232 I/O port) is the new series of
electronic internal micrometers recently introduced by
Bovers Internal GCauges. Available in 14 different
sizes (from 6 to 204 mm), these instruments have an
overall resolution of 0,001 mm and battery life is
puaranteed for 12 months continuous use, Optional
extensions enable deep bores to be accuracely
measured, while statistical analysers and printers can
be sunplied as part of s complete process pauging
system,

In a similar vein, electronic caliper gauges fvom
Marposs can also be equipped with statistical
analysers. Shafts and external diameters from 10 to
60 mm dismeter can be checked with only one f{rame size
and adjustment for Jdifferent sizes takes only s few




minctes. Two +djustable fixtures - for shafts and
disc-shaped parts - can house the caliper to give
simuitaneous readings on key dimensions within sezonds
of the component being loaded. The job of collating
3ll this measurement data is handled by a Marposs
statistical analyser.

On a more general quality analysis thewme, Sellars
Datasystems has intrcduced a2 hand-helé data corlecter
known as Dataputer. Looking like an overgrowm
calculater, the unit can interface with a wvide variezy
af electronic instruments and contains software to
rroduce a range of statistical analysis functiers.
These include histograms, capability indices and
sampling control charts. Dataputer can also be haoked
up to most makes of micro- and mini-computer if data
retention or enhanced statistical analysis is -equired.

Two new systems on the market look set to change
this image. The first of these is the Universal
Magnetic Particle Inspection System from Inspection
Equipment. The Interflux IE semi-automatic system is
of multi-station, rotary transfer type and uses what's
known as advanced swing field technology. This links
current- and flux-induced magnetism in stepped phases
vhich are 90 degrees apart - so the magnetization of
the component swings throuzh 360 degrees. The system
is said to show up all defects (no matter what their
ortentaticn) and is fast, with full magnetization
achieved in one shot.

The second example relates to a new series of
Tiede units for magnetic particle inspection,
available from Wells Krautkramer. These b-ach type
instruments also feature the swing field system and
are micro-processor controlled to simpiify and speed
up test procedures. Timing for magnetizing, riansing
and demagnetizing can be accurately adjusted to suit
the component under test (which can range from SO to
300 mm diameter)}, vhile th~ microprocessor ensures<
that test settings are maintained and repeated exactly
for automatic cyeling.

Still on surface analysis, Rank Taylor Hobson's
Fara Talysurf permits the messurement of many straight
or curved components whose contours were previously
difficult (if nct impossible) to assess by normal
methods. The instrument uses a laser interferometric
transducer type pick-up and will reasure both form
error and surface texture from a single traverse. The
entire measuring cycle is contrelled by a2
micro-computer, so speeding setting-up, calibration
and actual measuring procedures. Results are
displayed oan a YDU and can be output to a printer if
hard copy is required.

The computerized system for hardness Cesting can
be used for testing all types of metals and hardness
can be determined in Rockwell, Vickers or Brinell.
When supplied in its full computerized form, the
package includes a Shaip PC-1500 computer and printer,
and Fquomndule software. The software will print out
results, allov for different impact directions, print
a histogram, and cslculare & statisticsl analysis of
the results. In this form, the whole system is
battery powered and comes in its own standard size
attaché case.

Computerization, is at the heart of much of the
development activity on the general quslity front.
But for production engineers engaged in sutomation
projects, it is the auto-size control festures of
modern inspection set-ups which ho'd most appeal. For
the ability to close the process control loop and
offer an independent varifier is essential in any
advanced manufacturing technology (AMT) project which
is to run with limited manning levels or even unminn~d
during the 'third shift'.

Theres are different ways of actually measuring
key features on a component bafore the computer saide
af the package handles the statistical analysis
fun~tions and signals any corrections to the tool
nffarta of a CNC machine tool. Most popular methods

aC presen centre o= either ocnmachine probing or
irmediate Post-process leririnic RALEINZ. ITueTin
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To nelp meet these zemancs, the company decided
cx aa LPI touch-zrigger prche and the Hark IV
inductive transmission system for Ren:ishaw Metruology.
Whaile this probe has been designed to work in hostile
eavironments, Heid decided to provide additional
protection in the form orf a hinged shield which covers
the probe when iz ts stoied in the turret. Jets of
air are blown across the stylus tip and through the
bore of the castiang to ensure that accurate readings
are taken. The ruby ball on the stylus tip touches
the inner face of the bore immediately after the first
roughing operation, with the cffsers of the :
Siemeas 37 CNC system being automatically updated for
the finishing cut. I!f the probe readings indicate
that the offset required for the final cut is over
50 per cent of the finished bore tolerance, thern
production will be halted immediately and the operator
alerred.

Produciion often starts froz coid and witnmout the
probe a variation of :p to 53 =microns has been
recorded over a run of 40 components. lovever, "w. -
point in-rrocess zauging with the Ren:shaw sysfes
reduced this variance to oanly 1% microns. Zn-mackine
inspection has also cut cozmplete produciion times fraa
27 down o 5 minutes per componenl and selling tim=s
are nuch lower, Probing nas also speeded the
sroductinn of one-offs with cycle times down froz
one hour to only 10 minutes.

immediate post-process elcoctroniic gaugiung
stations are favourea in some autumated ceils as the
actual production process is nnot held up while
multi-measurements are taken. iowvever, mist systems
are not as flexible as probing and they are at least
one part behind, for another component is being
machined while the previous one is checked. Recent
installari.ns at R, A. Lister (where flywheels
produced in an automated cell are checked on a Tesa
post-process electronic gauging station) and at
Rolls-Royce (where small compressor blades produced 1in
special ECM cells are inspected by Machsize
computerized gauging stations) indicate the trend
toward electronic gsuging stations in AMT type
environments.

The actual method of measurement tavoured by most
manufacturers of electronic gasges is the linear
displacement voltage transducer (LOVT). However, the
real power of such systems centres firmly on the
ability of the software to collate multi-dimensional
data and interpret this mass of information in a whole
host of different ways, To get some idea of the power
of such quality equipment, here 15 a briet run-down ot
the features offered in the range of automatic pauging
units produced by Vernon Gauging Systems,

Typical iaspection machines can perform static,
dynamic or simultaneous measurements and display
arat atical hateh information in the ferm of mean and
range charts, and total batch histagrams, as requiced
by use -, Fach plot on the mean and range chart is
relat d to time and may be "flagged’ to indicate that




a tool adjustment has taken place. The hisrogram has
the mean, plus and minus three standard deviation
points indicated and additional data. Extra video
display units may be used to inform the operator of
current machine status and will advise of any
corrective action necessary (if this is not haandled
utomatically by way of corrective feed-back lnop).

At che low—cost end of the gauging market
C. E. Johansson and Syke Instrumentation have co-
operated on a method of automating iaspection
routines. The set-up coasists of the latter's Syko
miniature robot which is programmed to load a compo-
nent into a Johansson Combicheck gauging fixture.
Such an arrangement could be used to transfer parcts
from a discharge chute on an KC machine to the
electronic gauge. And by using Metem or Cejmatic
measuring control, the system can provide automatic
size comntrol.

While co-ordinate measuring machines (C}Ms) and
non-contact measuring instruments can be used to close
the process control loop, most do not fumction in this
manner. However, shop—floor type measuring machines -
rugged and high speed (MM-type units and measuring
robots - are beginning to make their presence felt.
And one of the latest in this "new breed’ is the
process control robot (PCR) from Brown & Sharpe.

Ba:ic design of the PCR centres on a five-axis
horizontal robot arm with 2 probe and rotary table.
The high-speed (500 mm/sec.) machine is designed to
act ss a standalone quality cell within an FMS and is
linked directly to the host cowputer. Intended for
100 per cent inspection, it records cut-of-tolerance
conditions or statiscical analysis of drift and feeds
this data back (by way of the host computer) to the
machine tool controller for automstic offset
adjustment. (Extracted from Metalworking Production,
January 1986, pp. 85-93)

Advanced techniques of electron microscopy for
studying materisls (D. J. H. Cockayne, Electron
Microscope Unit, University of Sydney, N.S.W. 2006)

The past decade has seen 3 rapidly increasing use
2f the electron microscope for studyiig matezials
problems, nat only as an imaging tool, but especially
as an instrument that offers a vide range of
analycical facilities. To make optimal use of the
instrument, and to emsure correct interpretacion of
the data i1t provides, it is necessary to have an
understanding of the available wodes of osperation and
of their limications. AC the present time both the
modes of operation and their timitations (accuracy,
sensitivity, resolution) scre changing rapidly as
instrumentstion is improved, electron scattering
theoriec are developed, and new techniques sre
devised., Each of these three sreas is a discipline in
itself, but vhat is important to those interested in
investigating microstructure is which instrument end
what technique to use in s psrticulsr situscion.

Electron microscopy can be carried out either in
the transmission or the scanning modes (Figure 1). In
the transmission mode, parsmeters of particular impor-
tance to s discussion of techniques sre the angle
between the incident beam direction and the lattice
plane normal (in metsllurgicsl studies, generally
measured by the parsmeters s or !), and the diameter
of tne objective sperture, 1If the objective sperture
is only sufficiently large to permit one Bragg
diffracted beam to resch the imsge, then the imsge is
referred to as s bright-field image if that besm is
the forvard-scattered besm, and as s dark-field image
if it is not, More generslly, the terms 'bright-
field' and 'dark-field’ refer to imsges to which the
forvard-scattered beam does or does not contribute,

respactively.

In the scanning mode, the collected electrons can
be detected either on the same side of the specimen as

the incident electrons (acanning electron microscopy -

SEM) or on the opposite side (scanning transmission
electron microscopy - STEM) (Figure l). Oae of the
principal advantages of the scanning mode is that
imaging can be combined with microdiffraction and
microanalysis from chosen regions of very small
diameter. Moreover in dedicated scamning instruments
the resolution can be at the atomic level for suitable
specimens.

Figure 1. Basic modes of operation of the electron
microscope: (a) transmission (TEM); (b) scanming

(SEM) and scanning transmission (STEM).

High-resolution electron microscopy

Unlike the light microscope, the resolution of
modern electron microscopes is not limited by the
electron vavelength but by lens sberrations. Advances
in reducing these aberrations, together with the
develcpment of sccurate theories of electron
scattering in crystals and computing techniques for
simulating images from sodel structures, now make it
possible to study crystalline materials at, or close
to, the atomic level of resolution. Imsges are formed
by sliowing i number of Bragg-diffracted beams to pass
through the objective aperture (Figure 1), which then
interfere in the image plane to produce s high-
resolution imsge. To obtain interpretable image
detail at chis level of resolution, a nuaber of
important experimental conditions must be satisfied
both in the foil (e.g. maximm foil thickness,
accurate specimen alignment) and in the electron
optical parameters of tre microscope {e.g. the number
of diffracted beams passiang through the objective
sperture, the setting of the focus conditioas witnir 2
narrov range). As the resolution of the interpretable
image detail becomes higher, the more critical is Che
secting of these parameters; for the high-pertirmance
high-resolution instruments there is evideace to
indicace that computer secting of some of the optical
parameters is nece.sary.

The values of ¢se various parameters, and the
accurscy with which taey wust be set, have been
established by studying hov computed images vary with
changes in the parameter settings. The information
carried by Che scattered electrons can be modified by
the electron optics (through the 'transfer function’)
and, by computing imsges for model crystals, the
relationship between details of the mode! and detsils
of the imsge can be investigsted. When this relstion-
ship is such as to allov s direct interpretation (atom
group by atom group), the image is referred to as s
structure imsge, and there is then s one-to-one
correspondence between stomic structure and image
contrest, In other csses the imsge may be referred to
ss & 'lattice image’' or & 'lattice fringe image', and
the relationship between structure and image detsil
may then not be direct.

In forming high-resolution images of defects, it
is obviously desirable that the structure ot the
defect should not vary significantly through the foil
in the direction of the incident beam if the image 1s
to be interpreted without difficulty. For example,
dislocations viewed slong their line have been 1maged
in a numbder of studies and in recent years
considersble attention has been paid to planar defects
such as stacking faults snd G.P, zones and to
interfaces vieved edge-on.




One of the most difficult areas of high-resolution
microscopy is the quantitative imaging of small
particles. A great deal of both theoretical aad
experimental work has been pursued in an attempt to
provide relisble imaging techniques for detecting and
sizing small particles, sad in the fields of thin
films, amorphous semiconductors and catalysis the need
for such techniques is growing. Atomic-level
information concerning the surface of small wmetal
particles is possible using high-resolution instrumencs
but sizing and counting a statistically significant
number of particles can give difficulties. In
transmission images, and for particles <& mm in size,
the accuracy of particle detection and sizing depends
critically upon the objective aperture size and the
focus conditions. Detailed studies have shown that
great care must be taken when interpreting fine image
detail from such materials, because the transfer
function can easily produce artefacts. One of the most
promising techaiques is hollow cone illumination in
vhich sn annular condenser aperture and 2 complementary
cbjective aperture give axisl dark-field imagiag. The
method improves particle contrast, and the raage of
incident beam directions included in the cone of
illumination increases the proportion of particles
showing strong contrast. Even so, considerable caution
wust be taken in interpreting the images obtained.

Other techniques suitable for imaging swall
rarticles sre the Z-centrast method of Crewe and the
wesk-beam method. Using this latter technique, 0.5 nm
platinum particles have been detected when supported on
a thin AI203 film. This detection sensitivity was
achieved by choosing an objective aperture of suitable
size to exclude from the image the Bragg reflections of
the Al,0q support film - a technique that has shown
considerable promise in many studies.

Diffraction contrast

Images formed by allowiag only one Bragg
diffracted beam to pass through the objective
aperture (Figure 1) can produce diffraction contrast
because of variations in diffracted iatensity across
the image. Diffrs-tion contrast using stroagly
excited Bragg reflections (s or w small) is a
powerfu! tool for differentiating between defe:t
parameters (such as possible Burgers vectars', but is
anw such a basic too! for the matertals electron
micrascopist rhat it does not come within the tersms
of this review. However, ss a tool for detecting
small differences in geometrical parameters, it is
relatively insensitive. For example, using sctrongly
excited Bragg reflections, dislocation dissociation
vidths and constriction geometries cannnt be studied
in detail below 2 B nm and the geometries of loops
szaller than 10 nu in diameter cannot be
distinguished. For this reason a number of
specialized diffraction contrast methods hcve been
developed which extend the sensitivity and resolution
af diffraction contrast imazes. Hesd and co-workers
formulated techniques for rapid image simulstion of
micrographs.

By matching the experimental images with che
images simulated from & range of postulsted defects,
defects can be anslysed at 8 wmuch higher level of
resolution than is possible with standard contrast
techriques.

A s-zond technique for extending the sensitivity
and resolution of diffraction contrast images is
vesk-beam imsging. This technique involves forming a
dark-field imsge by using a Bragg reflection for
which the perfect lattice is oriented far from the
Bragg reflecting condition. The image of the matrix
(f0il) then appears (relstively) dark, but regions of
the foil where the lattice strain is sufficiencly
nigh to locally reorient the latlice into the Bragg
orientazion (e,.g. near dislocation cores) give strong
Rragr scattering and consequently produce hizh image
cantrase,

Weak-beam imaging has beear used in conjunciion
vith video imaging to record the geoeetry of
dislocatioas and other defects under dynamic
conditions. The polar nature of this material
results in there being two types of dislocation
(ac and ) with different core structures. Video
veak-beam recordings have shown that the of and £
dislocations (vhich can be directly distinguished in
the image) have signtficantly differeatr velocities
under the electron beam.

Limitazions oz weak-beam inmaging are the low
image intensity (with consequent difficulties ia
focusing), the stability of the specimen holder and
stage {(wvhich causes image drift during the recording
of micrographs) axd the masking of the image by
diffuse scattering. UDevelopmencs in modern
instruments involving brighter sources, more stabie
specimen holders and stages, aad higher accelerating
voltages will increase the range of materials arnd
defects to which the zechniqres can be applied.

Structure—factor contrast

Structure-factor contrast arises throuvgh a local
change in the electron scattering power due to
variatioas ia the ocal structure factor. This way
cuse about through, for example, atomic substitution
or the agglomeration of point defects. In most cases
the conditions that produce structure-factor comntrast
also produce lattice strain, in whiczh case
structure-factor contrast and strain contrast occur
together. But by careful choice of the ogerating
reflection, strain contrast can be minimized or even
made to disappear. A partic.larly interessting method
is that of using superlattice reflectioas for the
imaging of disordered regions in ordered alloys. The
zethod has been used to investigate the extent of
disordered zones in displacement cascades in ordered
Cujhu caused by heavy-ion or neutron bombardment.
Image calculations have estadiisned thatr disordared
zones of diameter 2> 2 nm in ar oriered ;atrix give
good contrast usiag this technique.

Reflaction eimctron microscapy

In contrast to Iransaission technijues,
reflection electron microscopy (RIM) invoives Iorming
images with diffraczed =2.eztrons which are incident
upon and leave fzia the saze surface of the specimen.

Reflection elactran microscope izages can he
obtained in the scanzing mode (SREM) or by using a
conventional transmission electron microscope. As
with transmission images, thez objective aperture is
used to select a particular {reflected) diffracted
beam; but because scattrring angles for high-energy
electrons are small ( ~1072 cadisn) the imsge is
formed with the surface being viewed at graziag
incidence. Consequently the image of the surfare is
foreshortened b 8 ratio of approximstely 40:1.
Because of this, horizontal and lateral resolution
are somevhat different, and depend very much upon the
dif{fraction sud surface geometries.

Studies of cthese kinds, and the sensitivity of
the technique to surface irregulsrities, indicate
that REM and SREM will be of particular interest for
surface studies such as Che deposition of adatoms,
surface nucleation snd migration, and phase
transitions., The value of the technique for studies
of catalysis is obvious. Clearly for such studies,
methods of obtaining and retaining clean surfaces
within the electron microscope sre of paramount
importance, and many systems ave now being desigred
and built with this consideration in mind,

Scanning techriques

Figure 2 shows some of the varinly of siguals
preduced by fast rlectrons incident upen a specimen
in tne electron microscope, With a scanned electron




beam coupled te a synchromously scazuiag CRT, aay of
these signals can be used to modulzle the image
Srightaess and hence produce an image. The
feasitility of using any paricular sigrz! depends
apon the signal-to-norse ratie, and upon the deteclor
and amplifier seasitivities. RWutine technicues
inciude icaging with tackscattered aand secondary
electrons, the use of characteristic X-ray energies
to produce elemental miaps, and scanning Auger aad
2nergy-loss imaging.

La' Cathaodaluminescence imaging

In materials with certain ezergy tand-ga;
azteristics, defesTs can act as Ine sites faorv
ative recombination when fast electroas are
dent upon the=, resultianz in the emission of
t photoas. By plarziag a photomultiplier as a
ectar close ©> s3zh a specimen in a scaaning
ctron micrascape, the erission of the light
tors can ke used to form a cathodoluminescen:
) imﬂ,‘,f ~n the S;I'ﬂ‘.l"g -u:roscope sSCTeen.

The technique can b¢ used at relatively low
tesoluticn ty =map regions of CL a=rivity; this zan
be dnne by imaging with particular ragions of the
CL spectrum {e.g. at tand edges) to reveal
concentvations of inlividual cvpes oI defect.

{b} Scarnirz electron acousric cicrescopy

Zven oore esoleric techniques are being
feveloped. By choppiag an incident scaaming eleczzren
besn at frequencies in the 165 ¢o ic? Hy range,
eriodic thermcelastiz expamsions can be produced
aelov the scrface 5f a target speci=en. The aczustic
wvaves that resuil! are deterled by a3 transducer, and a
lscannizg elect: usTic) itmage is Pfcdh&nn using

‘7

a phase-locked am,lifier. Aesoiviizn in the Tange
fuces 5w Incal variations {n the
araperties o the specimen.
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(Excerpted from Merais Forum, Vol. 8, Nos. I ané 3 -
1985, pp. 67-74)

YXondestructive testing methad overview

Composizes, principally fibre-reinforced
plastics, continue to replace metals in azn ircreasing
nuxber of applicactions. Betrter wmethods of producing
and testing composites enable these [ightweight and
chezically resistant materi2is to be used in more
critical applications. Perforraace verscs
cost-effecciveness deterzines the level of
sophistication appited In Testing each composia
pari. Risk avoidance drxves the neec for advances in
roniestrustive testing (NDT.. lomposites gelr
several standard ¥DT methods useld =
Radiazraphy is unlikely to finé i re
aicrIcracks or debond "I:rasani:s. es
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quantified. Measurerents such as The number and
amplitude of emissians are typicaliy displayed versus
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I d are indications of insipiend failure,
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sophistication, stress distributions under various
frequency loadings, and ultimate structural adequacy
can be inferred. Defects such as plate vibration
frequency, damping, and phase shif:t can be detected.

Ultrasoaics

Jltrasoaic testing genecally employs a
transducer emitting short, high frequency, pressure
Sursts. These travel through a portion of the sample
and arve received by atother transducer. Unlike sontis
signals, ultrasonic signals sre localired.

Ccmposites sttenuate ultrasonic energy rapidly,
requiring shorter paths or lower frequencies thaa
metals. A common frequency used is 0.5 Mz, though
25KHz to 5MKz sre used regularly. The preiominant
mode used to Lest metals is the pulse echo mode.
This mode uses a single transducer to send a pulse
and veceive the echoes. Defects such as
delsminastions and material differences are icdicated
if the echo rezuras before the expected back surface
echo. In layered composites, esch layer msy return
an echo, obscuring defect echoes. Alternatively, the
echo amplitude off & reflecting plate behind the
sample may be monitored or the signal trsasmitted
through the sarple may be mocitored by a secoad
transducer behind the ssmple.

Radiegraphy

Radiography can detect material voids dowm to
about one per cent of local winimum radiological
thickness. On the average, radiological thicxaess
varies directly with stomic number times density for
typical medical X-ray energies. Since many
composites have high local variations, small resin
cracks are seldom found by radiography. Crack planes
perpendicular to the ravs are not detected. Glass
discribution, large voids and cracks, cracks and
delaminations filled with dense penetrants, and
thickness changes can all be measured
radiographicall:. Making exposures at many angles
will indicate cracks at the angles of inspection, and
a2llov a two dimensional iaternal slice to be
reconstructed. A set of these would give
three-dinensional iensity information. However, some
microcracks are szaller than film or detector
vesolution. Radiography is relatively costly, but
less sensitive than AE. In situations where if is
desived to look through metal and see plastics or
other materials containing hydrogea, neutron
vadiography can be used.

Penetrants

Penetrants, such as red or fluorescent dyes,
vill penetrste most cracks open at the surface.
Debonds sround single fibres gezerally will not be
detectable with visual exsmination even if the
penetrant does migrste into the debond. Very
sensitive dye penetrants will diffuse into meny
plastic matrices snd occlude small cracks or voids.
Despite these limitstions, penetrants will usually
give a good indication of damage on laminates chat
have been losded beyond the elastic limit. This
method, though messy, is chesp and indicates both
damage locstion snd qualitstive damage severity.

Lesk testing

Leak testing is generslly done by maintasining a
differential pressure snd using a detectadble fliid.
Differentisl pressures are limited by the system
tested. Lesk detection sensitivity depends on fluid
and detection scheme. In spprocimste order of large
to smsll leak detection, fluids and schemes used are:

Fluid Jetection zethad
Liquids Level versus Zime or fiow

ca%e to maiatain level
Compressed gases Listen for leaks

Pressure or weight
seduslion aver Zime

Compressisn gases

Liquids Yisual seepage
detection

Bubbles in water or scapy
solutien

Comnressed gases

Electroaic saniffers ar
chemical colour changes

Tracer gases suck as
fluorocarbons, amccaia,
or helium

Although hydrogen is che most sensitive fluid,
heliun is generally used for safety reasoas. Even
vhen helium leaks quiculy, other gases or liquids may
not leak. Hence, an appropriate or working fluid
mist be used.

Thermal inaging

Thermal imaging can be used to inspect large
areas. It is especially wvaluable for insulated
structures and heat-genecating components.
Relatively large temperature differences (several
degrees) cay be noticed using infrared cameras.
Several sensiZive cameras specify resolution of
9.05°C. A more sophisticated method for finding
flaus in material uses radiant heatirg and analvsis
of cthe traasiear surface temperature to guaatify
anomalies. Voaids near the surface quicaly cause the
surface to become hatter, whiie deeper voids take
longer and are nof as édistinct. Quaattitative
analysis s complex. A third aethod uses very
sensitive (0.001°C) resperature detection Co measure
high stresses due to the adiaSatic heating and
cooling under fatigue loading. The cyclic
Cemperature variation is proportional to the sum of
cthe princiyal stresses. A fourth method uses
conventional infrared cameras. [f a viscoelastic
material is cycled quickly, then steady staie hol
spots will indicate high stress areas in equilibrium
with paths for the heat to escape.-

Moduli determination

Moduli may be determined by standard mechanical
tests, sound velocity, or vibrational resonance
methods. In s composite, sn increase in modulus is
usually associsted with sn incresse in scrength.

This is particularly true for shear strength and
modulus. This is in contrast to steels, vhose -~ duli
can remain constant over 4 wide raage of streagths.

Opcics! methods

Opticsl methods are the most widely used. When
a8 laminate is Cransparent or Cranslucent, cracks and
delaminations are obvious. Microscopic debond:
sround individual fibres, though too small for
penetrant detection, can be detected in relativeiy
clesr laminates. The debond causes the leminate to
look clouded, especislly when viewed with sofe light
on & tlat, dark background. ASTM standard E 97, lest
Method for s5-deg. O-deg. DLirectional Reflectance
Factor of Upaque Sbecxucn! by Broad-Band Filtre

I




Reflectocetry, measuring d:iffuse reflectance, caz be
wsed to guantify this phenomenon. (Excerp: froe
ASTM Standardization Mews, July 1984: acticie

writtea by Paul McCowanr, senior scieaxcist for
Cuens Coraing Fiderglass Corp., Cranville, GHE, USA}

Prototype of an in-service inssectioa svstem (ISIS)
tor composites

A2 uitrasonic techaigue was developed under an
AFEAL/ML contract to record the flaw indication axd
position in composites to minizize operatar
dependence and increase inspection reliability. I=
the programme, specimens represenling typical
composite structures an! ceataining implanted flaus
simulating service-ieduced or production defects were
fabricated. Improvements were made to the
state-of-the—art ultrasonic inspection techriques tc
detect these defects. in a follov-on programee, a
protetype iaspection system was designed using the
experience and results obtained in the mock—up
laboratory system development. The syste=_, [SIS-P,
censists of five assemblies: (1) ulzraseni:
pulser-receiver, (2} transducer, (3) positis=
sensing, (4) cara acquisition aad precessisg, and
(S} display ané recording. The ultrasomic uwnii .a
[SI5-2 has the capabiliz- :a determine flaw depi: in
corpesite laminates and has 3 variable flav—gate
vidth, seif-adjusting to the laminate thickness. Tae
posizion-sensing sssemdly uses two seassrs aad covers
2 ainiou= area of Ity I fe (0.96 by 0.6 a) wit: an
aczuracy of 0.7C in. (0.25 ¢m). A dedicated
microprosessor is used for data acquisizien and
processing and for control of peripherals. The
“fata-display and recording assembly uses ar
electroaic graphics display and hard copy unil.
These assezbllies are integrated into a portadle,
#asy-to-use, ene->per3tor iaspection unit for field
azd depar usage.

Systea design and fabricatien

A major desiga improvement of the ISIS-P was in
the data-scquisition and processing axd the display
and recorder assemblies. A dedicated microprocessor
vas designed to replace the computer. In lieu of the
figical plotter, an electronic graphics display was
used. XA casselte tape drive replaced zhe floppy disk
uait. A waveform digitizer was designed to replace
the transien: recorder used in the .aboratory mock-up
system. Modificalions to the Sonic Mark IV unit we.e
designed to add the festures of flaw depth
detearaination and self-adjusting gate vidth. Dezails
of these design chanzes are described in the
following paragraphs.

Transducer assexbly

The transducer asseably consists of an upper
unit housing the stylus generating the low-frequency
sound for position sensing and a lower unit
containing the inspection transducer., An acrylic
solid delay line can he attached to the face of the
inspecting transducer. The length of the delay line
is dictated by the maximum thickness of che part to
be inspected. An adapter is available to accommoda.e
different transducer dismeters. A diagram of the
transducer holder design is presenzed in Figure 1.
The delay line is not necessary for the ingpeclion of
thick adhesively bonded haneycomb core structure, so
a spring-loaded direct=-contact transducer with an
aluminium handle ¢ used. A sherch of the
direct-contact transducer holder is shown in Figure 2.

Two butltons and a light-emitting diade (LFD}
indicating light are provided at the upper unit of
the transduser holder assemhly, The buttons are
rrovided to sliov the aperator to cormunicate with
the data-acquisition and pracessing assemblv. The
LED indicating light iz o signal the condition when
a loss of coupling accurs. In addizion to cables

leading ta the microprocesssr froa the butten
switches, indicazing Light, and the stylus gererating
the low-frequeacy sound vaves, there is alio a
shielded radio-—frequency (BF) cable coaneszing the
inspeciing ransducer to the ultrasoaic unit.

Posiiion-sensing assendly

The positica-sensing assembly is required to
arovide leccatioa data of the traansducer assesbly to
vithin C.10 in. (0.25 ce). It coasists of a Craf-Pen
sonic pulse generator and a pair of point
microphones. The arrival time of the rinic pulse at
eich of the microphones can be used ir a
triangulation algorithm to determine the zranscucer
position. A 9 in. (23 cm) bar houses the
rreamplifiers for the two sensors, which conZain
pliezoelectric elements. The two sensors are
coanected to the bar by wires and ure mounted on
aluminius ares. The arms are connected to the bar by
hinges so cthat they can be retracted when not in
use. They can be fully extended to a length of
2% in. (61 cm)}. The leagth is used in the
mizToprocesser’s triangulation software. X Pana-Vise
manually operated vacuum grip is fixed to the
underside of the 9 in. (23 cm) bar s¢ chat the
assemdly car Le attached to any parc of the suriace
9f a3 composite cor:onent. The range of effecCiveness
of the twa-point sensor system is 22 by 23 in. with
ar accuracy of better thaa 0.030 in. (0.76 mm}. The
active inspection area ovst be located at leas:

« in. {1J ¢=z) from rhe war housing the preamplifiers.

Cunson

LOSS OF COUPLING
LIGRT

Figure 1. Transducer-holder assembly with delay line.
|




“he cantrol unit of the position-sensing
vsseablv :s located in = separate umit. T¥is :mig
‘nitistes the low-frequency saund waves and oasures
the tine of flipht of the sound waves froam the cuvior
¢o the son’: =icrophones. The time measurereats ire
converted iato digital form aad transferred to the
microprocessar. The =icroprocessor coaverts the tize
zeasurements intc distances aad calculates the
transduces position zs the point of intersection of
ci-cles of the calculated radius, ceatered at the
mic-ophones. Oaly one of the two intersectiors
defined by such circles will iie in the inspection
zone.
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Figure 2. Direct-conract transducer-holder assexbly.

Ultrasonic assembly

The Sonic Mark IV was selecred as the ultrasoanic
unit. After comparing the resolution, baadwidth, and
pover of the instrument Cto the requirements of 1Sis,
certain modifications were needed to mee: these
requirements fully.

The signal-processing and flaw-recoganition
schemes require the monitoring of the signal
ezplitude in twn flav gates. Therefore, a separate
civcuit board was acquired to add another gate and a
flaw-depth detercination capability to the Sonic
Mark IV yltrasonic unit. A 10 MHx oscillator was
used to provide a clock for timing the intervals
between the ultrasonic front-surface reflection
signal and the flaw signal. The time intervals wvere
then converted into flav-depth measurements using the
velocity of propagation. Using the 10 Miz
nscillator, a depth resolution of +1 ply can be
achieved. The Sonic Mark [V's citcuit design was
wodifisd to provide an additiomal capability for the
flsw gate to adjust its width according to Che
thickness of the specimen. The specimen thickness
information measurad by the timing oscillator is
furnished to the microprocessor. The microprocessor
sets a delay of the initistion of the flaw gate
corresponding to the naar-surface resolution and
assigns & gate width corresponding to the specimen
thickness. A typical timing disgram is shown in
Figure 3.

All cthe modifizations for the Sonic Mark IV
ultrasonic unit are housed in s 6 in. (15 cm)
extension packsge that can be attached to the back of
the unit in lien of the standard back cover.
Internally, s connector provides the link between che
printed circuit boards and the front portion of the

Q-

unit. Externally, connections to the microprocessoT
and other assemblies are effected ¥ multi-pia
comnectors oa the side of the extension. Additiozal
adjusting knobs for the uliraseniz unit are mounted
on the side of the exteasion.
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Figure 3. Typical timing diagram for ISIS.

Data-acqsisition and —processing assezdly

The data-acquisitisa and —processing assemdiy
consists of a Motorola 6830 microprocessor system iaZ
the inputs and oulpuls necessary o interiace with
other assemblies having the storage capadbiiity aad
operational speed to meet Che data-acquisition and
signal-processing requirements. The assembly design
incorporates the latest state-of-Che-art computer
technology to enhance the data-acquisition and
-processing capabilities of L5IS. Tne assembly
rapidly acquires, processes, and stores digitized
wvaveforms on demaad. In addition to the input
functions, the system outpuls » real-time C-scan
display of the inspection on a graphics terminal.

The microprocessor uses 64 k. lobytes of mesory
consisting of 48 kilobytes of randcraccess maemory
and 16 kilobytes of read-oniy memory (ROM). The
ROM contains the system-level software developed with
Ceneral Dyramic's Microprocessor Cevelopment Systeam.

The waveform digitizer for ISIS was designed
around a TRW monolithic video analog-to-digital
converter (ade), circuit board Model TDCIOOOTPCH.
A block diagram of the digitizer is shown in
Figure 4. Differential line drivers and line
receivers are used between the digilizer and
microprocessor to ensure interface signals free of
part noise.

rome
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Figure 6., Waveform digitizer block diagram,




The position sensors are Iaterfaced to b=
srocessor via i parallel interface. There ars
provistaas for 12 bits ol X-informationa, 12 dics of
i~informatir:, aad 16 bits of status/control
informarion. An interrupt is generated by a
sush-buttcn on tie transducer assembly, requesCing
the processar to obrain and store the digitized
presentation of the RF waveform being processed by
the waveform digitizer.

The graphics terminal has an RS-232C serial
incerface. The d splay can be physically removed up
to 25 fr (7.6 m) from the system. The operator can
still see the display without AF interference in a
high-nsise eavironment.

The waveform digitizer is intecrtaced to the
processor through a parallel interface. When a
request is made by pushing a2 button on the transducer

bly, the suter obtains the digitized waveform
froz the waveform digitizer. This information is
plocted on che graphics display s .4 stored on the
tape cartridge.

The printer/plotter provides hard copies of
digitized RF waveforms, C-scan recordings, and
co-ordirate/amplitude listings. In addition, the
printer/plotter can function as a high-speed printer
capable of producing listings from the
data-acquisition and -processing assembly.

For the tape transport, an incerface was
designed that allows the daia-acquisition and
-processing unit to store data on the tape. This
interface transfers 192,000 bits of information per
second to the tape.

The overall interface uses differential line
drivers and line receivers in each assembly to
=maximize noise immunity. Shielded and twisted pairs
of uires are used r~ interconnect line drivers and
tine reccivers, i ~reasing the noise inmunity even
further. Figure 5 shows the block diagram of the
data-acquisition and -processing assembly interface.
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Figure 5. Block diagram of data-acquisition and
-processing assembly interface,

Data display and recorder assemblies

The display and recorder assemblies consist of s
graphic display unit for real=time monitoring of the
inspection results, a printer/plotter for reproducing

e

re

hard copies of the display, arnd a wagnetic zape
transport for permanent recordi. The graphic display
is a Tektronix 4015 raster-scaaned giaphic : :rrminal
providing a 12 in. (30 cm) diagonal display en a
green phospherous screen. The keyboard in the
graphic tecrainal is also us 4 [or communicating
belveen rhe operator and ch. system.

Software development and inspection scheme

The sofiware development and inspection scheme
of the ISIS~P can Sest Ye illustrated by using the
system to inspect a graphite-epoxy compasite
reference specicen containing implanted flaws
simulating delaminations. The reference specimen is
3 by I8 in. (8 by 46 cm) and 80 plies thick. The
implanted flaws were fabricated by inserting, in the
laminate, pairs of circular patches of 0.0005 in.
(0.013 mm) thick Kaprton films laid one on top of the
other with edges sealed. The Rapton patches were
inserted at differenr depths of the lazinate, ranging
from 54 to 78 plies. These implanted flaws did not
leave any visible imprints. for the flaws were
extremely thin.

Inspection procesures

Before the inspector starts the inspection, he
inserts 2 magnetic data tape cartridge in the tape
unit. He then types a two-letter code to initiate
the scanuing software routine. The system responds
by listing the settings on the ultrasonic uait he
should establish corresponding to the parc he is
inspecting. Specific prescan gate settings and
initiation procedures are then conducted by the
inspector.

The location of the inspection, name of the
inspector, daze of inspection, and specimen
identificacrion informaction are eutered by the
inspector through the graphic dizplay keyboard. The
cell size is the distance in inches between adjacent
points in the dot matrix of the area map. Other
information pertinent to the instrument setting for
the inspection is programmed in the software aad
displayed on the graphic terminal so that the
inspector can duplicate chese settings. Finer matrix
grids provide better flaw-size and -location
resalution but incur slower inspection speed.

The inspector starts tne scanning routine by
positioning the transcucer assembly over three target
points and activating a switch to record the
co-ordinates of these points. The target points
generally ace physically ideatifiable points on the
part so that the orientation and locat.ons of flaws
in che part may be correlated with the sctual parc.
After the target points are recorded, the inspector
locates the corner points of the area on the part to
be inspected. The outline of the area to be
inspected is input as thte corner points of a polygon
with up to 16 sides. The corner poinis in the
polygon must be located consecutively.

After the corner points have been located, the
outlined area will be filled with lignt dots
occupying corners of the square cell wizh the
specified cell size. As the inspector scans within
the outlined area, light dots in the scanned
locations will be erased on the graphic display. If
a flaw i3 present, the light dot at that location
will be transformed into a bright dot. When all the
light dots have been erased within the outlined
boundary, the scanning is completed., If the
inspector has doubts, about 3 certain area that he has
scanned, he can activate a subroutine in che
programme to outline the rescan area within the part
boundary. The flaw data in the rescan area will be
erased, and the sreas will be refilled with light
dots. As the inspector rescans the areas, new data
will be gathered and fill the srea in the memory core
matrix. The system has the capability to digitize




and record the RF or video waveform displaved cn th
CRT of the ultrasonic unit. This capadhility proviues
3 permanea: record of the ultrasonic waveform at any
locatioa on the part. This waveform record can sirve
as a reference for data interpretation in anomalous
areas.

Data-pracessing proced-:res

The inspection data s"ored irn the zicroprocessor
remory or vecorded in magnetic tape cartridges are
processed by a post—inspection data-processing
routine in the software package. Several foras ot
C-scan output can be produced by the system in data
processing. A scanned area plot in hard copy s
available showing 2 l1/4-scale reduced plot of the
area that has been scanned. C-scan inspection
records are availadle in l/4-scale and full size.
(From F.H. Chang, J.R. Bell, J.K. Brown, and
R.%w. Haile, 'Prototype of an In-Service Iaspection
System [ISIS] for Composites', Materials Evaluaticrn,
Vol. 43, Na. 9, August 1985, pp. 1117-1123. Excerp:
reprinted courtesy Americaa Society for
Nondestructive Testing, Inc., Columbus, CH, USA))

Lifetime predictina of ceramic u. terials

In ceranic materials the lifetime of components
is dictated by the growth of a flaw to a critical
size. At temperatures of less than half the melting
point, subcritical crack growth takes place in a
brictle manner under static lcading conditiens. The
rate of growth is conirolled by the stress inteasity
factor at the tip of the most severe flaw and by
environm:nt. Screngths may be halved by the presence
of zhe latter. At high temperatures creep-assisied
crac’: growth takes place leading to more severe
degradation wicth time.

Considerable research is currently devoted to
i-:;proving the toughaess of ceramics. The consequence
». higher fracture toughness, as with metallic
zomponents, enables such concepts as
'leak-before-breax’ of pipes znd pressure vesseis to
be invoked.

The strength of brittle materials is controlied
by the size of the largest defect through the
well-known Criffith equation. However, there is a
statistical distributicn of defect sizes in most
hrittle materials zhat have been introduced during
zhe initial powder processing and sinterian stages or
pon subsequent shaping Af the material. Tae
varigbility in defect size and lacation leads ro a
zonsmquent distribuzion in streagths which must he
anpreciated before component design can begin. In
addition, ceramic carmponents exhibit a time-weakening
hahaviour analogaus to metals when stressed. This
apparently 'delayed sponczaneous fracture’, which can
nzeur after suppoarting a load for saome time, is often
termed "fatigue' or ‘static-fatigue'. For such
apontaneous fracfure €o occur, the largest defect
mist grow in a subcritical manner to the critical
size. This form of crack growtk in ceramics and
glasses is enhanced by the presence of moisture, It
is analogous to hydrogen enbrittlement and

stress-corrosion cracking in metals; rhe latter term
is often used when describing moisture~assisted slow
crack growth in ceramics., The presence of moisture,
and other highly polar molecules such as ammonia,
hydrogen sulphide, mtc., leads to a stress-assistCed
chemical reaction at the crack tip and bond rupture
at considerably lower crack tip stress intensity
factor, K, values than under vacuum or inert
atmospherc.

Fatigue of metallic companents is generally
assn~iated with cyclic fatigue, This topic has been
wrll researched in metals brecause of its severe
ransrquences, but until recently it has received only
madest attention in the ceramic literature. The
linrar-eslastic behaviour of ceramics and their

extrere fragiiily has probadly been responsiile for
such negiect. This limitel research sugges:zs thaz,
unlike mezailic compaoneats, the »nlyv factor that
dictates the lifetime of ceramics under owcelic
condizions is the integrated tixe under lead rathe
than the nuzmber of cycles.

During the past decade there have Deen
considerable advances in the developmen: of
high-toughness high-sirengih ceramics. The major
toughenin_ nechanisas for these materials include
stress-initiated volume-expanding phase change as i
pattiaily—scabilized zirconta (PSC), m:icrocracking
and fibre or whisker reinforcement. Ta uace, lLittle
research has been done on the lifetime anc Zaligue
praperties of such materials; however, it is
recognized (hat the increased fracture toughness :is
azcompanied by irreversibie processes about the crack
tip. This fact together with the commanly observac
ron-ilineas stress—strain—to-failure curve, implyr thac
cvcliz farigue may iead vo rapid degradation iI the
zaterial 1s loaded bevond the elastic limic.

At elevated temperatures, typically in excess i
half the melting point, the lifetime of ceramics may
2e irnfluenced by creep ceformaticn in addition o

colisture-assisted crack growth. The iimitatien of

naterial strength ani lifetine :hrough sreer has been

reported for materials cor ng g assy g'ain
Soundary phases, such as s: a cride azd debased
aluminas, an! for materials : experience c'eer as
a2 vesult of their fine pratr ze. The situatiwa o7
this class of materials is ¢ifferent from that
atservec at lov temperatures, in that cracks mav be
~eleated by grain-doundars zavization and .xnking of
favouradly disposed cavities. the mechanical

Behaviour and dependence of 11
such ceramics has many similar
ruplure of metalli: compornen

{rack velocity - stress intensityv facter relaticaship
V=K curves)

The breaxthrough in the understanding and
ratioral fracture mechanics interpretation of
subcritical crack growih in drittle materials was
aade in the late 1940s by Wiedernorn and calleagues.
These workers Zound that a systematic relationship
existed betwsen c:ack velociry, V, appliied strass

intensity factor, K, and the moisture conteat of the
eavironment. This was demonstrated far a rasge of
glasses using the doudble cantilever beam (DC3)

tias from

loading gecmetry which enabled crack veloci
1074 o 107 ns to be investigate~s. Since then
crack propogation data have bheen collected {or
variety of cerawic materials ;ﬁcln’i“g porze]
nigh-alumina ceramics, silicon nitride
varinius pirzo-electric and other oxile ceramics,

et2. Crack velocity data have been obts d ia
varinis environments including aumerons gases and
aqueous solutions af various pli concertraticns and at
vAT1ans temperaturaes,

The basic fori of the relationship between crace
velocity and applied stress inteasity tactor 13 shown
schematically in Figure 1. T2 cunsists of three
regions: the low valocity rézime or regian | whers
crack growth cepends upon the environmenr and stres
intensity factor, an intermediate régime or region Il
where the crack velocity is indepeadent of K bat -
dependent on environment, and region [[I where crack
velocity is strongly dependent upon K and independant
of environment, Region [ may be displaced to the
left or right depending on the concentration of
moisture or reactive speciec in the environment.

There is a displacement to the lefr wicth increasiny
humidity and temperature, The plateau régime,
region (I, of the V-K curve is a consequence of
diffusion-limited accrss af moisture to the crack
tip., With increasing bhumidity the pla‘teau velocity
increases,  In region [II the crack velacity axceeda
the rate of moisture arriving at the crack tip, and




the K value associated with this régime is the
critical stress inteansity factor, K)o, for
snontereous crack growth. Somecimes at very low
crack velocities (10”7 ms™!) a threshold K value
for the onset of crack extension has been
determined. The lifetime of a ceramic component is
determined almost completely by vegion I, the region
of slowest crack extension.
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Figure 1. Schematic diagram of crack velocity versus
stress inteasity factor for a ceramic material in a
moist environment.

Residual stress and microstructural influences

Flaws generated by contact with sharp objects
leading to inelastic deformation, such as about a
Vickers hardness impression, usually have a component
of residual stress. This stress must be takea i .in
account in determination of the stress intensity
factor at the crack tip. The major difference
between the sapplied and residual stress intensity
factor is that the former increases with crack growth
whereas the latter decreases. A secondary
consideration is that the residual rtress component
may decrease with time through relaxation of this
stress by the operation of alternate cracking systems
about the contact site, such as lateral cracking.
Situations where these residua’ stresses are
significant are those where damage has been
introduced ints the material's surface by grinling,
scratching, sharp grit contact (erosion), etc.

At this stage it is appropriate to introduce an
alternative testing strategy for the evalustion of
toughness that simultaneously overcomes che
statistical complications introduced in the previous
section. This involves the deliberate introduction
of defects of known size into the material surface
that sre larger than the statistical distribution of
flaw sizes, and then measuring both the inert
strength and strain-rate dependen:e of strength.
From the former it is possible to measure the
toughness whilst, from the latter, to evaluate the

fatigue-controlling parameters.

Non-linear losding behaviour

Non-linearities in stress-strain curves of
ceramic materisls may occur for s number of reasons,
At high temperstures this may be the result of
viscoelsstic or creep behaviour. At room tempersture
this form of response may be found in msterials thac
incorporate irreversible energy-absorbing processes
at highly stressed regions such as that sout the
crack tip, Such processes occur in the aewly
developed cersmic mst:risls that rely upon
transformstinn toughening, microcracking or
fibre-reinforced toughening. These areas are fields
of active materisl development, and to date only
qualitative indications of the lifetime are

available. Howvever, more quantitative anaiysis of
the lifetime and determination of crack growth
parameters unde~ creep conditions have been
deternined receatly.

Praoof testing

The only technique that eansures the lifetime of
2 component in service for a specific period,
provided nc additional flaw populations are
introduced during service, is proof zesting.

The choice of appropriate proof-testing stress
may be made on the basis of the crack propagation
relstionships and inert strength data. Unfortunacely
because of the low toughness of most ceramics and the
catastrophic consequence of even small flaus of
~100 p@ or less - flaus that are virtually
impossible to detect by curreat non-destructive
techniques — complete proof testiag of batches is
essential.

The higher the ratio of proof test to service
stress the longer the ensured lifetime of a
component. A typical schematic plot of service
stress to lifetime is shown in Figure 2. Cxamples of
the applications of lifetime predictions to ceraaic
materials are listed in Table 1.

LOG TIME TO FAILURE

LOG STRESS

Figure 2. A schematic plot of the anticipated
lifetime of a ceramic component that had been proof
tested act various multiples of the in-service applied
stress.

TABLE |

Applications of lifetime predictions
o’ ceramic materials

Application Reference

Opticsl fibres 3o, 31, 32
Disks (turbines and grinding wheels) 33

Ceramic nuclesr reactor fuels k1A
Porcelain 35
Skylsb windows 36, 3?7
Graphite materials 1]

(Extracted from Materisle Forum, Yol. 9,

Nos, 182-1986, gp. 34-44; article written by
M. V. Swain, CSIRO Div. of Met. Sciance,
Normanby Rd., Locked Bag 33, Clayton, Vic. 3163,
Australia)




CURRENT AWARENESS

The scanning scoustic microstope - a new tool

for tke caterials scienlist

The technigue of scanning azoustfic microscepy
{SaM) has veceatly emerged Zrem the pure research
laboratory and has beguer to find i:is way iato the
industrial world. It is rapidly becoming estadlisned
as a =-thod of non-destructive evaluation
particularly suited to the detection of surface or
near-surface inhomogeneit:ies and discontinuities on a
micrascopic scale, and is the subject of 3 recent
Roval Microscopical Society Handbook.

The SAM differs from conventional ultrasonic
equipcent in two importan: ways: the frequencies
used are much higher, and an acoustic lens 1s
employed to give a focused bean. It differs from
conventional optical and electron microscopic nethmis
in that the images are formed by the interaction of
sound vaves with the sample. Therefore, contrast
depends upon the elastic properties of the sample and
quite different information from that given by
optical or electran microscopy is obtained.
Interaction of acoustic waves with the sample
proceeds mainly by either direct reflection of
tongitudinal waves back into the coupling medium,
giving contrast through variations in the reflection
coefficient scross the sample, or by mode conversion
af rhe incident acoustic radiation to surface
acoustic waves which propazate on the surface of the
sample and scatter, giving rise te the distinctive
contrast mcdes sssocisted with the SAM. In addit.oa,
contributions to the image contrast are not
necessarily restricted to the surface laver. Under
certain conditions, information on the nature and
Zistribution of sub-surface features mav de obtaine:.

The range of applicability of the technigie 13
wide. Workers in a number of laboratories are J
the SAM in studies as far apart scientifically as
iavestigaticns of the intermal structure of living
zells, and of bond failures in semiconductor
integrated circuit packaging technology.

Convenzional reflection scaaning acaustlic
microscope

Alzhough it is not possible toa manuiacture a
sizisfactory acousric lens chat will imagze all -aris
cf the sample simultaneously, such as in conven
light optics, iU is possible to focus an acoustic
beam to 8 diffraction limited spot by making use of
the large velocity mismatch between sound waves in
materials such as sapphire and water. . S5AM lens
based upon this principle is shown in Figure 1.
Acnustic waves produced by che zinc oxide
piezoelectric transducer are refracted at Che
lens/coupling medium interface to form a convergent
heam. Either the lens or the sample may be
mechanically scanned in a raster and the image huilce
up by detection of the echn signai for appropriate
points of the scan. This echo intensity can either
he used immediately to madulate the brightness of a
TV monitor rastered synchronously with the lens, or
dizitized and read into a frame-sZare f{or subsequent
displav and image processing.

The excitation frequency applied to the lens ix
ussally in the range 0.2-2 GHz, with the combination
af frequency and scanning mathad beinp chosen
acecnrding to the particular application. The
instrument at NPL can operate in two frequency
réigimes. For low frequencies around 50 Mz a fixed
19 mm radius lens is used and the sample and water
hbeth are scanned using stepper motors under computer
control. In thie case the scanned arra may be up o
A0 mm ox 40 mm, with the image acquisition Ctime 2
function of this area. AL higher frequencies (n the

range C.5-1 GHz, the leas, of internal radius [UQ g,
is mounted in a miniature scanner aldsembly which can
e attached to a conventional optical microscope
turret. This allows an ‘aage of up to 300 u= squar
to be acquired in adout 10 sezonds. In either case,
data are digitized and stored as 256 x I5% puxel
images with §-dit precision.
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Figure I. ?Principle of refiection SAM

Ema;e contrast

When the acoustic microscope lens is accuratelw
focused on the surface of the sample, the echc
intensity, and hence the Srightness of the image,
depcnds upon the acoustic reflection coefficieat ..
th~ sample/coupling medium interface at that point.
For a flat specimen with no topography, the surface
focus image represeants a 'map’ of the acoustic
reflection coefficienl over the area scamned. (e
Lateral resolufion of this map depends upun
snaracteristics and the frequency of acoustic
radiation used bul is ot the sume order as
wavelength in the coupling medium at thal freque

Typical vaiues are lJJpam at 55 Miz ani 1.5 am
I Giz. Contrast in this surface image can be
mainly T2 vartations in density and veloo

AITa5s Iae surfale.

dragram £330 an acoustic Lens o7 L
cusad on the spect u :
in Figure I{a), Movin: this

in an attempt to produce 1 subsurface lofus w
result In an unacceptadly high level of spher
azerration from refractisn at the wates; spezimen
interface. However, i1f the lens cpeni.g is
restricted to a narrow aperture, aberrations inside
the specimen are reduced, and a good subsurface
achieved, as shown ian Figure 2(b} fuor a lens of
half-angle. This allows images ¢ rhe inlerior of
solid samples to he built up. The prodlem of
atteausation in the sample restricts this mode of
imaging to frequencies typically below 100 Miiz.

V(z) effect

Of preat inferest (s the :1fuaZice in wh zn an
attempt o obtain a subsurface focus ia made w i 4
wvide-angle lens at rrequencies at which attenuaion
of loagitudinal waves in the material un'er
investigation is high. In this case, incoming waves
incident on the water/sample intertace at ihe
critical angle for toral internal reflection under,c
made coaversion to generate s rface acoustic waves
(Rasleigh waves), which nropagile 1n taer surface
layer of rthe sample. Theie sutface acoustic waves
reradiate part of their ea ryy back into the
coupling medium, agatn at tos criftical aagle, as
thrwn in Figure 3, The reca'iated waves inferfere
with the directly reflected waves, resulting in 4
perindic variation of the tranetucer output
voltage V as a funrtion of lans displacement from
the surface focus 2, This perisdicity, kaawn as the

V(z) eoffect, 14 an important aourse af sontrast gn
rhe SAM,




(a) Surface focus for aceustic lens of «5°
half-angle; (b) subsurface focus for acoustic lens
2f 11° half-argle.

irure 2. Acoustic leas foci.
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Figure 3. Generation of surface vaves by wide-anzle
lens defocused towards sample surface.

A V(z) curve obtained from the surface of
sapphire using & cylindrical acoustic lens is shown
i+ Figure 4. The cylindrical lens gives a better
respe .se than the conventional spherical leas in the
presence of elastic anisotropy. Similar curves are
obtained from isotropic materials using spherical
lenses. A spherical leas must, of course, be used
for imaging. The perindicity in the V(z) curve is
dependent upon the elascic properties of the specimen
and is a3 important source of contrast in acoustic
microscopy.
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Figure 4. V(2) curve nf single ciyst:l sapphire
surface (after Ref.7).

Grata contrast

An important aspect of irmaging iz the reflec:iiox
3AM ts the adility to detect comirast from the randoz
orientation of grains inm 2 material aad thus to
visualize the grain struciuve at a polished but
unelched surface.

Response in presence of discontinuity

Figure 5 shows a ray diagraa for an acoustic
aicToscope lens defocused touvards the surface of a
sample containing 2 reflecrive discontinuity, fo-
exanple a narrow crack, orieated parallel to the
axial ray.
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ure 5. Ray diagram for acoustic microscope lens
deiocused towards .- ewice of sample with
reflective discontinuity.

Applicatioas
SAM as an imaging

ture of the centrast,
of possidle appliziatiens.

In materials devoloprant it is often of imrmense
imporiance ¢o be adle o visualize ne grain
tucture of Ihe material, since Inis can hav

a

st
framatic effect on ics performance. For comv
antizal microscopy, the aormai prosedure :s t
section and polish the naterial and then use one of 3
variety of possidle chemical ezching processes to
sreferentially remove some asp- - ts of the
microstruclure and hence reveai the zrailn sCralt sfe
irn the topography af rhe resulting s rface.

¢ 3
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o

Diffusioq_bondinﬁ

Diffusion bonding Is the technijue of joining
two pieces of material by making use of their ability
to interdiffuse uncer controlled conditions of
temperature and pressure. A very stroag bond can be
formed, and the me-.hod is being used increasingly as
a practical production tocl. It is, however,
sensitive to the condition of the s:rfaces to b=
joinsd, The presence nf contamination, or the use of
incorrect pressure or lemperature, can lead o
failure to form a hond. Perhaps more seriously,
these can alsa cause the formation of microscapic
voids ar other discontinuities at the bondé which may
significantly weaken it but are ertremely difficuic
to detect non-destructively. This difficulty may be
vercome by the use of the acoustic microscope. In
zeneral, the refleciion acoustic micso - ~nm 15 53ited
to the sample geonetries ealountersd in diffustion
banding, althouph some progress has been made with
rthe alternative tranemission Technigue.

Figure v shows the geomelry 1hat wat used tor
imaging a tiffusion bond hetween an ailoy ring and a
resamic plate. A narroweangle lens was used wilh oan
acoustic frequency of 53 Mz to smage through the
ceramie and across the boand area.  The rear 20 ot
Lhe corails 18 exproled o pave a4 2iron,, e And




hence show up bdrightly in the SA% image. Regions
vhere the bond is good will give a weak echo because
of the impedance difference between the tuo
materials, and hence will be darker in the imaze,
vhereas any void or discontinuity in the bond regicn
will cause a strong echo and will therefore be
detected.

It ma; happen that the interface voids in a
faulty diffusion bdond are too small to be detected by
the SAM operating at a sufficiently low frequen.y to
achieve penetration to the depth of the bond. In
this case a generalized echo intensity may be seen
over the area in questisn, but it is necessary (o
section the material to view the microstructure at
the interface.

st lvw
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Figure 6. Geometry used to obtain diffusion bond
image.

Cracking in ceramics

Engineering ceramics are brittle materials zhat
tail from flaws without the occurrence of gross
plastic flow. These flaws are the result of
manufacturing defects or surface damage produced
during component preparation or in service. Cracks
associated with this surface damage often propagate
to form defects which significantly weaken the
materisl. The materials are partly traasluceat and
are difficult to image in the optical microscope;
they are also insulstors and cause problems with
charging in the electron microscooe. These
difficulties do not occur in the 3AM, and there is
the sdded advantage that the presence of a crack and
its relationship to the material microstructure may
be revealed in one image from a polished but
otherwise unprepared surface.

Microelectronics

The SAM has a potentially very useful role in
the important sres of imaging of defects within
integrated microelectroric circuits.

It will be necesssry to improve r..e resolution
of the scoustic microscope if it i co keep up with
the trend towsrds further micro-wminiaturization in
modern integrated circuits. The SAM rouCincly
operates at up to 2 GHz, which can give resolution »f
around 0.5 = using water as the coupling medium. To
improve on Chis it is necessary either to increase
the excitation frequeary, causing severe problems
with asttenuation, or to change the coupling medium.

A resolution of 20 am has been demonstrated using
8 GHz acoustic radistion with liquid helium as a
coupling medium, but this is unlikely to become
routine laboratory practice in the near future.

Composite materisls

Compsred with conventionsl materials, the
principal advanta,es of fibre-reinforced composites
sre in wveight-sav.ng a1d strength. The orientation

o€ the fibres, th=:r distzidbulioz and alhesion o the
2atrix in which they are e=bedded, are important in
this respect. Aldustic micruscopy may be
advantageously used as an aid in zh sterm:inatiun oI
these paraneters. (Excerpts frca Materials Science
and Technology, September 1980, Voli. 2, pp. 88i-337,
arcicle written by G.C. Smith)

NBS leads VAMAS programme on advanced materials
test methods

The US is leading the Versailles Projec: on
Advanced Materials and Standards (VAMAS), an
international research programme to develop dasic
test methods for a new class of materials - advanced
ceramics, polymer composites, and metal slloys.

Lyle E. Schwartz, director of the Natisnal Bureau of
Stsndards, Institute for Materials Science and
Eangineering, assumed leadership of the VAMAS steering
cemmittee when member countries met in West Berlin at
Bundesanstalt fir Materialpriifung, 10-14 May 198€.
Dr. Schwartz says, "The ability to measure the
performance of advanced materials with
internationally accepted test methods will help US
industry compete woridwide and promote an acceptance
of new materials in high technology products™. NBS
is contributing ir all areas of internatiomal
"round-robins” and leads rechnical work in surface
chemical an. lysis, weld characteristics, and factual
caterials data banks.

Gther projects - in polymer composites,
ceramics, wear test methods, polymer blends, hot sait
corrosion resistance, bioengineering mater:ials,
superconducting and cryogenic structural materiais,
and high temperature creep - are directed by research
groups of other participating nations. (VAMAS
Secretariat, AIS7 Materials Bidg., National Bureau of
Standards, Gaithersturg, MD 20899, USA.) (Source:
Ceramic Bulletin, Val. 85, No. 8, 1986, pp. l1Q)
and 1104)

Nondestructive neutron testing

Three manufacturers are associated in the
development of a mobile neutrou radiography
instrument for nondestructive testing in industrial
environments and for the study of new materials;
they are Sodern, a subsidiary of the French company
Philips (through TRT, Radiotechnique, and LEP),
Dornier System (FRG), and Sener (Spain). It is
called the DIANE [Integrated and Automatic Device for
Neutronography] project.

The device will consist of a sealed-tube fast
neutron generator {flux of 112 neutrons per solid
angle of four and per second), a thermalizer, which
is a sphere aboul B0 centimeters in diameter filled
with a fluid to slow the neutrons (o obtain
"thermal” neutrons), and a collima’sr for a paraile!
beam of neutrons. The whole assem.ly would weigh
about one ton,

Neutronography - complementary to X-ray
radiography - makes it possible to ciscriminate
between bodies of neighbouring atomic weights, and to
study corrosion, adhesion, and other phenomena. This
technique is already <»ll known, but with fixed
reactors (CEA at Saclay, CEN at Grenoble), which in
fact was the subject of a conference, the Second -
World Conference on Neutrom Radiography,

16-20 June 1986 in Pacis {Palais des Congris).

Sodern will he primarily responsible for the
neutron generator and detector head; Dornier will
cover the positioning and control robotics, and Senrr
vafety and securicy problems. The programme will
spread over four years. (Extricted from Sciences &
Techniques, Paris, April 1986, p. 52)




X-ray spectrometry and flucrescence inspection
grovide quality control for industry

The US iron and steel industry is using the
efficiency and quality control provided by
microprocessor-based equipment to stay competitive
with European companies. At the core of many icon
and steel conpanies’ quality controi systems is
sophisticated analytical equipmert that uses X-ray
fluorescence spectroscopy to enture a quality
end-product. OCverall accuracy and reproducibility
are tied directly to controlling the sample - its
homogeneity, stability, and preparation. Additional
cost benefits arise from the technology's critical
precision of interpretation, speed of analysis, and
the ability to store dats for materials and market
projections.

The bulk of the workload in iron and steel
laboratories coneists of analysing a wide range of
materials for the composition control required to
monitor furnace operstions efficiently. Analysing
scrap and ferro—alloys on delivery is advantageous
financislly to the refiner to confirm the supplier's
analysis, which governs the price sf the materials,
and to provide the complete data required to adjust
the fuarnace operation to whai is required by the
specification. Te-hniques for representative
sampling of bulk materials such as iron ore, fluxes
and slags wvere developed as a preliminary to an
efficient analytical procedure. X-ray fluorescence
spectroscopy eliminates the twin errors of

"mineralngical and interference efiects on
end-products. (Excerpt from Mater als Evaluatinn,
44, September 1986, p. 1153)

Experimencs in compound materials

The National Aerospace Laboratory of the Science
and Technology Agency has decided to invest in
facilities for experiments in compound materials.

The farilities will be used not only for experiments
with energy-efficient sircraft and a Japanese version
of the space shuttle, but will also be used for
projects in private industry, such as the Boeing 7J7
a~w under development by Japan and the United States,.

The plan includes a facility for testing local
strength of materials and components, one for festing
partial strictural strength, and one for
non-destructive testing.

The materials and components testing facility
will be equipped with numerous stress-testing devices
and devices for simulating various environmental
conditions. The gnal will be to study the behaviour
of various compound materials under diff ring
conditions.

The facility for testing partial structural
strength will test full-scale mockups of
suba. .emhblies such as the tail sections of aircrafe.
Differing flying conditions will be simulated in
order to test the strenpgth of the subassewblies,
Tests can be carried out under temperatures of -80 to
+100 degrees centigrade. The non-destructive testing
facility will use X-ray, ultrasound and thermographic
rquipment to detect stvuctural damage. The National
Arrospace Laboratory has embarked on this project in
response to the increasing use of compound materials
in the serospace field, Such research centres as the
Air Force Flight Testing lLaborstory in the United
States and the Royal Aircraft Laboratory in Creat
Britain have alrcady constructed large=scale
facilities for this purposa. (Source: Ni' 2i
Aernspace, 9 June 1984, p, 8)

Materisls analysis

Materialn analysis by laser-induced breakdown
spestroscopy or LIRS, developed st the los Alsmas
Wationas Loboratory in the US, is te be used by West
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German coopany Metaiigesellschaft to identify metals
and alloys.

Intense laser light is focused on a small piece
of the material to create a tiny "fireball” of hot,
ionised vapour or plasma. The excited atoms in the
plasma radiate light in colecurs that are specific to
the elements in the material. Computer-aided
spectrum analysis immediaztely measures all the
wavelengths present and prints them out, revealing
the exact composition of, say, a metallic alloy.
{Source: Financial Times, 6 June 1986, p. 9)

Government sets up MAP and TOP Networking Centre

ine Government has set aside over £l million to
help manufacturing industry link up its computer-
based equipment. The money will be used at s centre
where products can be tested to see if they conform
to the Manufacturing Autowmation and Technical Office
Protocols (MAP and TOP).

The Networking Centre at Hemel Henpstead will
also offer consultancy, training and information
services while p:rsuing contract development fct
standard and special-purpose test systems. (Source:
Machinery and Production Engineering,

19 November 1986, p. 5)

A tool for materials testing

Researchers at Sandia National Laboratories
Livermore (SNLL) and Lawrence Livermere National
Laboratory, both at Livermnre, C-lif., have developed
an instrument thar allows the similtanecus
measurement of X-ray fluorescence, X-ray absorption
and electron density in a material sample. X-rays
generated by the device have a minimum effective bheam
diameter of 15 microns, which is less than one-fourth
the diameter of a human hair.

Monte C. Nichols, a researcher with SNLL's
Exploratory Chezistry Div., who is credited with the
conceptual design of rhe X-ray microanalyser, says
existing X-ray fluorescence equipwment cannot match
the new instrument's ability to measure extremely
small areas or its ability to detect low elemental
concenctrations., The instrument's X-ray beam can
penetrate 2 sample, allowing nondestructive imaging
of layers of structures beneath the surface. In
addition, says SNLL, researchers can use Che
microanalyser to test for the presence of elements in
biclogical and non-conductive materials without
z:plying a conductive film or without examining the
sample in a vacuum. (Source: Chemical Week,

17 September 1986, p. 34)

Precision and cost-efficiency in automated
testing

From TMI's growing Monitor X line, the
Monitor/Burst is designed for precision and
cost-efficiency in automated testing. This unit may
be used with any burst tester - opersting within any
range psig - 8t an accuracy of + 0.5 per cent. It
may also serve as a basic ~omponent in building an
automated test station, tailored to meet changing
needs and budgetary allowances. The Monitor/Burst's
R3-232 output enables its connection to a computer.
Other testers and Monitor X equipment may also be
aided to or removed from the system as desired,
(Source: ASTM Stancardization News, December 1989

A new family of automated materials testing
syscems

A new family of automated materials tesciny
systems, introduced by the Tinius Olsen Testing
Machine Co., promises to usher in a new ers of
testing efficiency, speed, accuracy, and f{lexibility
for North /merican manufacturers, Developed in Weat
Germany by Roell ¢ Karthaus Gmbil, these Autotest




svstems fuse elements of robotics, specimwen
prejaration, msterials testing, and computer science
into & testing system allowing flexible
configurations designed for varying levels of
automation and speed. (Source: ASTM Standardization
News, December 1986)

Fully automated materials testing

Fully automated materials testing is now
available from Instron. With robotic sample handling
and loading, the productivity, precision, and
efficiency of testing operations can be improved.
Instron offers the Zymark laboratory robotics system
integrated with Instron's universal testing
instrumeats to fully automate the handling of test
samples. Ontional dimensional measurement, bar code
reading, and data acquisition systems provide
additional complementary functions for even greater
test automation and higher laboratory productivity.
(Source: ASTM Standardization News, December 1986)

Portable kit

Barcor s portable inspection kit is suited for
quick, precise, glare—free VT of surfaces and
openings ss small as 2 om. Designed to meet a wide
variety of needs, the kit consists of a hand-held
instrument having 32 lens configurations with 0-10x
magnificstions and a built-in fibre-optic lighting
system; a sepatrate, angled, general-purpase
fibre-optic inspection light; a hand-held,
high-povered 2.5x fixed magnification direct-viewing
scope, a 110 V rechargeable handle; and a case for
storage and carrying.

The kit is suited fcr close, precise,
distortion-free VT of surface defects, weld joints,
printed circuit boards, through-plated holes, and the
inside of small parts, bores, cvlinders, and minute
or shallow openings. Engineered to reduce or
eliminate shadows and glare, halogen illumination
is transmitted by fibre optics in a 360 degree ring
of intense yet cool light. Included is a
polarizing filter to reduce glare, an ultraviolet
filter, a green filter, and a special crosshair
lens cover. (Barcor, Inc., Deerfield, IL, USA.)
(Source: Materials Evaluation, 44, September 1986,
p. 1171)

Development of wear monitoring techniques

Spire Corp., Bedford, MA, USA has received a
$215,000 two-yesr avard from the National Science
Foundstion to continue development of wesr monitoring
techniques for magnetic media using surface layer
activation (SLA) techniques. The project will
develop techniques suitsble for commercial
applications in magnetic media and other industrial
sreas. Spire pioneered development of nondestructive
SLA methods to monitor and measure material loss from
surfaces exposed to corrosion. These techniques,
particularly those using radionuclide markers, have
evolved into reliable disgnostic tools most commonly
applied to bearings, piston rings, and valve engine
part inspections and have also been used to monitor
erosion and ablation in pipelines, drillig
equipment, and missile nose cones. Monitoring
gamma-rays escaping from a thin surface layer
activated by exposure to a high-energy particle beam
to measure wear, erosinn, or corrosion is an
established technique. Because resolution in this
technique is 8 function of the total depth of the
sctive layer, much finer increments of wesr could be
detected by using ultra shallow lsyers of sctivity.
The new programme vill address reproducibility and
sccuracy issues using shsllov lsyer sctivity, test
both methods to determine depth profiles of induced
sciivities, snd determine the uniformity end

consistency of the profiles themselves. (Source:
Materials Evaluation, 4%, Septenber (936, p. 1163}

Digical RT

An X-ray itnspection system using ASSE's Ultimate
X-Ray Detector (UXD) incorporates two high-spatial-
resolution subsystems: a digital radiograpay
subsystem (Ultimate Micro-Dose) and a computed
tomography subsystem (Micro-CT). Ultimate Micro-Dose
and Micro-CT can be used in laboratory and production
NDT applications.

The UXD combines the patented precision features
of ASSE's large industrial CT machines and the
versatility of modular tabletop X-ray systems. The
basic UXD system configuration consists of seversl
modules: X-vay source, UXD detector, motion and
handling ganctry, data acquisition, data reducticn,
image display, and operator interface. The modules
can be configured for various NCT applications,
including turbine blade orifice alignment, rock
porosity studies for oil transport investigations,
discrimination of density variations in ceramic
components, and fibre delaminations in composites.

In the digital radiography mode, the UXD
provides images of 4096 by 4096 elements. Thus, in
an 8 by 8 in. (20 by 20 cw! field, spatial resolution
of 0.002 in. (0.05 om) is possibie anywhere in the
field.

In the CT mode, the UXD achieves the same
spatial resolution of 2.002 in. (0.05 am} with gefect
repeacadbility as small as 0.001 ta. (0.03 zm}. This
level of spatial resolution enables the user to
locate and measure cracks, delaminations, and subfie
variations in material demsity. Micro-CT, :in its
standard configuration, can inspect cbjects up to
6 in, (15 cm) diameter ané cover a wide range of
densities, from plastics to metals. The technique of
Micro-CT is especially suited for cases where X-ray
scattering renders conventional tangential boundary
images useless.

The output image is in a digital format, so thac
the image can be processed, manipulated, or enhanced
wvith standard techniques. Final data, along with a
complete inspection record, are stored in digical
format on disk or tape for archiving. User-I:lc.dly
attributes are standard. (American Science and
Engineering (AS4E), Inc., Cambridge, MA, USA.)

(Source: Materials Evaluacion, 44, March 1986, p. 394)

X-ray imaging

Radiographic Automated Production and Testing
(RADAPT) systems use soitd-state discrete detectors
for computerized X-ray imaging.

RADAPT systems are available in three functional
configurations: line scan systems, which use a smail
number of discrete X-riy etectors to help detersine
sample characteristics, such as dimensions and
density; projection scan systems that use an array
of detectors to create X-ray image data for
10U per cent inspection and automatic defect
recognition; and tomographic scan systems, which
include high-speed processors to construct
cross-sectional data.

Applications include aerospace, manufacturing,
food processing, electronics, and other industries
with critical materisls that require nondestructive
internal snalysis. BIR will sleo evaluate current
inspection problems that are beyond the capabilities
of conventionsl techniques., (Bio~Imaging Research
(BIR), Inc., Lincolushire, IL, USA.) (Source:
Materials Evaluation, 44, Marcn 1986, p. 394)




Cozputer control boosts materials teszing
roulines

The new 7158 computer-based universal =alerials
testing machine introduced by Avery Denisor provides
similar facilities to the earlier 7157, but extends
the capacity for maximum force from 259 to 500 kM.

The computer controls the entire cycle, and
provides extensive data displays and post-test
processing capability. For exsmple, proof stress,
altimate tensile strength and percentase eiongation
fer individual tests can be calculated, and a
stress—strain curve can be presented with colour
graphics.

The computer can also prepare statisticzal
analysis for a series of tests.

During machine operation, computer control gives
the important advantage of accurately maincaining a
preset loading rate through a servo-hydraulic system,
for one or a series of tests.

The machine has a 'sofr’ interface to permit
operation with an IBM, Hewlett-Packard or Apri:ot
micre vhich uses the same executive software.
(Source: Machinery and Production Engineering,

S November 1984, r. 87)

Exxon, N3S agre~ on joint materials facility

Exxon Research and Engineering Company (ERSE)
and the Naticnal Bureau of Standards have entered
into an agreement to develop an imporrant materials
science and engineering inst-ument at X3S ac
Gaithersburg, Md., USA. The J-year agreemen:
provides for the funding and expertise needed to
develop a3 new Small Angle Neutroa Scattering (SANS)
instrument at the NBS reacter cold neutroa source.

SANS is a method of using relatively lov—energy
neutrons as probes to measure the structure of
materials in very great detail. It is a
nondestructive technique that has a diversity of
applications ranging from the study of density
variations in alloys to the determination of the size
and shape of large molecules such as polymer chains
or proteins.

The programme is intended to cover the design,
construction, and maintenance. The estimated cost is
$1 million, to be shared equally by ERSE and NBS.
(Source: R&DM Digest, March 1986)

Lsboratory furnace

A laboratory furnace introduced by Lenton
Thermal Designs Ltd., which has the capability to
reach its maximum operating temperature of 1,700°C in
only 15 minutes, incorporates the means of
communicating with sn sssociated computer.

Designated che Ultraspeed 1700 Series, the furnace is
available in three optional chamber sizes:

3.5 litres; 12.0 litres; and 28.3 licres. The
chamber is constructed entirely with ceramic tiles of
vacuum=forrmed aluminium silicate, vhich has extremely
inw mass and, therefoare, ensures hipgh operational
efficiency. The heating elements are suspended
wit'iin the chamber, along each side. It is the use
of this chamber material, together with che heating
metl.od, which provides the furnace with its extremely
high operational efficiency and characteristically
high throughput: maximum operationa! temperatures
are reached in under ten minites, and the furnace
chamber also cools at an extremely fast rate.

Programming is effected by means of an integral
control module situated in the bsse area of the
furnace, This multi-segment profile generator
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combined with an assaciated three-term canlroller,
enables advanced process programeces to be croated.
Prograzeing i3 extr==ely simple in cerzaia instar:cs,
and the module provides a3 continuous displar of the
curreat state of the programme. (Source: Mezals

Industry News, September 1983, p. 14}

Hardness testers

EquoTip Assocs., Ceaver, CO, USA, make the
EquoTip portable hardaess tester and, for automated
hardness testing, the EquoMatic E hardness cester. a
briefcase carries the EqioTip portadle hardness
tester with the Equol-~ilerface II, coupling paste, a
test block, a zhuice of impact devi .es, ani a Sharp
computer with program already installed to »rovide a
printout in three different wodes of testing. The
device can be used for several hours without external
pover and cin be recharged.

The EquoMatic E automatic hardness tester is
designed as a cowpact module that can bte integrated
into a specific testing location by the user. The
device can be mounted in an inspection line or in a
fixed measuring station. The precision feeding of
the measuring head can be varied within a distance of
up to 10 mm by a vertical moving unit, and a
horizontal moving unit provides for three individual
measurements at a8 point-to-point distance of I om;
the measured value can be evaluated as the average of
the three measurements. (Source: Materials
Evaluation, 44, February 1986, p. 186)

Quality control

A Visiom Stacistical Processor (VSP), whizh is
used vith Itran machine vision tnspection equipment
to perform statistical process control (SPC) for
ensuring quality control during the manufacturing
process has been introduced. VSP analyses
measurements of parts by compuling such statistics as
averasges and variances. 3Results are displayed either
on a3 CRT 1n the form of charts and graphs or printed
out as hard copy. Manufacturing engineers can use
this information ro spot gradual changes ir the
manufactured part as it is being produced. Knowing
this, users can idencify the source of part deviation
and adjust the manufactu ing process before bad parcs
are produced. (Itran Corp., 670 N. Commerical Sct.,
P.O. Box 607, Manchester, N.H. 03105, USi.)

(Source: Modern Casting, October 1986, p. 56)

Computerized testing

The Model 1712A computerized ultrasonic
instrument is 2 self-contained, automsted inspection
instrument offering full digital control of all
inspection parameters in three modes: manual,
internal computer, or remote computer.

The 1712A features a 16-bit, 8086/8cP7
mircoprocessor, 8 50 MHz analog-to-digital converter,
and a single-density hard-cased micro floppy disketce
that can store up Lo 500 kilabytes of information.

It can be programmed to process complete algorithms
in real time ant provide a display on either the
internal digital graphic display or on an external
remore colour or gray-scale graphic display in both
C- and B-scan modes. (GRL NDE Systems Div., Daycton,
O, USA.) (Source: ﬁ:ﬁs:ia&z.&z:i&:&igs- Sis,
October 1986, p., 1294)

New composite mater.als demand changes 1n
Cesting strategies

Todey's aircrafr are being designed and duilt
with incressing amounts of composite materisls, which
offer a far grester strength-to-weight ratio than
conventional metals, Further, composites allow
designers to go to the marketplace with smaller and




=are 2anceuverable aircraft that are easier ta repair
than the planes of vesteryear.

But the low deasity that makes composite
naterials ideal for manufacturiang lightweight
sitcraft throws 3 glitch into some custe ary methods
of parts testing.

Carbon epoxy and other composites now make up
15 per cent of :otal material.

McDonnell Atrcraft's St. Louis, M0, USA, plant
has turned to two methods for nondestructive testing
(NDT) of the low-density composite materials: an
automated ultrasonic C-scan system, vhich the company
developed, and low kilo-voltage (kV) static and
tn-motion radiographs.

The two methods are complementary; each
provides information the other caznnot.

The ultrasonic system inspects both the
composite skin aud its bond to the substructuce. The
scanning radiogvaphic system checks the compeosite

honeycomb substructures and their adhesives fo- flaws.

A blotch in sn ultrasound image m2aas that in
that local area the attenuation is a little greater
than in surrounding areas. The radiographs, on the
other hand, determine whether that area is unbonded
or just csr ies some extra adkesive.

The rvadiographs detect anomalies in  he foaming
adhesive that bonds many edge-pember assemblies tn
the honeycomb core. The foam expands as it cures
und2r pressure and hear, and it becomes hard and
sorous. But because of this spongelike qualicty,
ultrasound s ineffective, so radiozraphs must
determine the coasistency of the adhesive.

Radiocgraphs camnot deteraine, however, whather
there is an area between the skin and the core that
has not been bounded as long as there are no voids,
so ultrasonic teszing comes into play.

McDonnel Aircraft designed its own automated
ultrasoric scanning system (AUSS) because there was
rothing available on the mar:et in the 1970s.

The fourth generation AUSS examines large
aircraft structures, including entire wing skins, for
delaminations, voids, ply slippage, and foreign
objects. Th: computer-controlled system
automatically scans the part, which is vertically
positioned between two water jets that contain
ultrasonic Cransmitters and receivers at their
nozzles, Because the system uses ultrasonic
frequencizs of up to 1J MHz, it cannot send the
ultrasourd througn air, but relies an water as a
canductive medium,

The data collected from the automated scan are
2isplayed on a CRT and output from a plotter. The

system allows for multiple plots of scans in
different decibel values.

The sircraft company has been a pioneer in
standardizing and automating all testing procedures
hy prepraopramming computers to handle exposures for
different vieus of different parcs.

Tes in-mation and static radiographic systems
are also computer oparated. For in-motion
radiographs, all the programs for inspecting a pare
are keyed into a computer, which then cont-ols (he
path and speed of the X-ray beam and the time and kV
ol cxposure.

A component may he subjected to as many ae (8
4 {ferent programs, but all the computer technician
has to dn is position the film and key in the part
numher and views desired, ard the computer handles
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all che ather variables. The vpera:z
to prepare filz for orher shots or §
exaxine fiim from previous shots.

One of the denefits of in-=olica raliegraphy 1is
that ali Jetails can be accurateir locatec in
celation to each other fur casy interpretation of
resslcs.

McDoanell aircraft shoots its raéingrapas o
Eodak [ndustred™A fila and on industrox M fiim for -
lov kV exposures, necessary te capture the
lov-density composite materials. But the filns are
also exposed at higher kV for predominantly mertal
parts. While normal X-r~y Zilming for meral parts -
may be at 80 kV, comrosites require ermergies as lew
as 10 kV. (Excerpt froa Materials Swaluation, 54,
January 1935, pp. $3-53)

Ultrasonic squirter scannizg

Large-capacity automated ultrasonic
squirter-scanning systems designed specifically far
testing coaposiles are available from Cusiom Machine,
iac., Cieveland, Oit, USA. These systems precisely
locaz > defucts =~ such as voids, delaminations,
disbonds, and porosily - in graphite-epoxy composites
used :in the manuficture of paneis, fusilage
assez%lies, andé ving comporeals tn crilical aeresjace
applications.

Each system is cusiczizea Lo The customer’s
requiremenis and can be equipped with a nucber of
options, including data-acquisition systems that
provide coaputer-controliled evaluation Tailorel to
specific data-acquisition neeis. This oplion and
ieature mapping (ideatifving features 27 the
ulirascnic signal cther fhan azpiituce) digitize the
features for storage and iater evaluation.

Custom Machine is currentiy building a number of
systems for the aerospace industry. The firm's first
composile tesTing system was re.ently installeld ac
LTV Aerospace and Defense Co., Dallas, TX. Tais
systex provides a 125 5y 253 by 13 ia. (315 by 635 by
46 ¢m) inspection envelope equipped with aijustadle
squirter asseablies that permit inspection of zillets
or curves along the transverse or longitudinal axes
at variable, selectable scan speeds and indexing.
Cenputer control, including a "teach”™ mode, is
provided for all axes, and program entry is via
veyboard, flopry disk, or digital cassette. The
svstem is controlied by a programmable controiler
with a3 membrans operator control panel and a
cathode-ray tube. Providing program control of up to
ten motorized axes, Cthis configuration peramits
rectilinear scans with indexing of ome to four
additiqnal axes. Inclined or compound-~inclined
rectilinear planes can also be insp=cted.

The firm makes NOT equipment for the ultrasenic
testing of forgings, castings, plates, bars, strip
steel, tuhing, and pipe. With equipment ranging from
sinzle componenis to fully autorated test lines,
Custom Miachine provides complere desipn, engineering,
and producti~n services o industry. (Source:
Materials Evaluating, %3, Aprii 19s5;

Infrarcd svstem

Azema Infrared Systems (Sezauzus, %I, USAj,
farmerly AGA Corp., a Pharas O, makes two infriged
scanning systens af potential application to the
testing of composites: tihe Thermovision® and rh-
Thetmoprofiidd.

P
Azema's Thermovin;od837ﬂz portable infraresd (in:
system is designed for convenient operalion in the
field and 1n the laboratory. [t 1s rugged,
versatile, and easy to operate. Tar Lasic system
consists of A scanner, an opto-nechanicai device that

converts the IR radiation from an chject's surface



inzo an electrical sigral, and a dieplay unil that
presests the TR izforeacion on a IV screean. Jptiens
tnclude 2 real-time system that coaverts black-azd-
vhite IR images into a ten-colour TV picture (with
Ctempevature raange and isotherm levels) and 2 Jigital
inage-processiag systes (with hardvare and software
for anxalysis by microcomputer).

The Thtrrnproﬁlegi line scanner is designed
for preduction control in the maaufacturing and
processing industries, monitoring the tewperature cf
aazerial as it is manufactured. Amoag its many
applications are the signaling of mecal deformation,
the prevention of film oxidation in plastic films,
the control of film thicamess variation during
exttusion, and adhesion control of coatings. The
test object is scanned by an optomechanical mirvor
system at § Bz vith a vieving angle of 90 degrees and
a field of viev of 2 mrad. The output can be
presented as temperature profiles, thermal contours,
or complete digital thermal maps of the scanned
object. The output can slso be used directly as an
iaput to correct the production process. (Source:
Materials Evaluation, 43, April 1985)

Anslyser offers fixed and resonant modes

Du Ponc’s 983 four—wode dynsmic analyser offers
fixed and r t fregq y wodes, plus stressed
relaxation and creep to a structure,
mechanical properties and engineering performance of
sophisticated materials. Dynsmic mechanical asnalysis
can determine the overall mechanical or viscoelastic
performance of materials such as polymers and
conposites.

The fixed-frequency mode provides quantitscive
viscoelastic properties, and shows hov they vary with
the frequency of spplied stress. This wode lets an
operator pick up to 57 frequencies - in a single
experiment - fzom the 0.001-10 Hz range.

The resonant frequency mode has the higher
sensitivily needed to detect subtle Cransizions in a
materisl. It lets the sample oscillate at its
natural (versus fixed) frequemcy. It is a
particularly good mode for polymer blending to
schieve specific properties and to observe the
interaction cf blended materials.

The stress relaxation mode generstes data on
moleculsr relaxations which vary vith polymer and
composite structure. The DMA subjects the sample to
a selected deformation (strain), and monitors Che
stress needed to msintain the fixed deformation
(versus time) at selected temperatures.

Creep measurement characterizes structural
meteriasls, and defines a material’s ability to
support load/stress over s specified Cime without
excessive deformation/flow that might affect
structural integrity. CM slso snslyses the
material's sbility to recover its shape once the load
is removed. (Source: Canadian Research,

September 1986, p. 46) —

Component !estin;

Nukem has delivered s large ultrasonic testing
system to Dassaulc, France, for the critical
inspection of composite asircraft components. The
Nukem electronics festure an extremely fast
anslog-to-digital converter (155 MHz) for enhsnced
signal vaveform snalysis. The menu-driven outputs
includz colour C-scan cathode-rsy tube displays and
printouts, as well as histograms plotting the
attenustion characteristics of the meterials under
(Mukem, Tnc., White Plains, NY, USA.)
Materials Evaluation, 44, October 1986,

test.
(Source:
p. 1300)
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Panei inspeciion

Custom Machine has duilt various ultrasoaic
scacning systexs for composite and hoaevciad panels
ané parts. CTomplete computerization is offered -
suphisticated data-acquisition packages featuring
high-resolution feature mapping developed jointly
with Ultrasonics International, Inc. Basicaily, each
system falls into one of three different types.

In type I, the panel is supported ian a
horizoncal position, and the inspection squirters are
rounted above azd below the pane! being inspected.
Such systems have been supplied with from one to six
pairs of squirters operating simultanecusly.

Type 2 is a gaatry system in which the panel is
supported vertically. The scanning bridge is mounted
above the panel being inspected and runs on an
overhead track systes. Manipulators extend down from
the scanaing bridge and direct the squirters againstc
opposite sides of the panel.

In type J, the panel is supported vertically.

The scanning bridge travels oa a track assesbly that
is below the panel being inspected (2t or nesr the
floor). Two columns are stCached to the top of the
scanning bridge. The squirters travel vertically oa
the columns and are dire~ted to opposire sides of the
panel. These systems can be equipped with a tank for
reflector-plate inspectiom.

Each Custom systex is custoaized to the
custom=r’'s needs snd is sized to accommodate the
parts Cto be inspected. Many options and variatioas
are available. Squirter systems can be provided with
angulation capability so that they can be controiled
in any axis or plame. Optinans include recorders,
precise readouts, input and output conveyors,
multiple transducer manipulators, turntables, and bar
rotators. (Custom Machine, Inc., Cleveland, O,
USA.) (Source: Materials Evaluation, &&,

Octoder 1986, p. 1234)

Bond tester

Man» combinations of compcsites, metals, and
other engineering materisis appear in today's cowplex
bonded laminste structures. The patented Bonda-
ScopdEB 2100 vas developed in respoanse to current
requirements for s relisble bond-testing instrumenc
that is not only versarile but simple to operste and
interpret. Designed by people vho understand both
the practical sspects of bond inspection and the
fabricarion of laminated matevials, the instrumer:
can inspect metallic, nonmetsllic, or comdined
netsllicmonmetallic scructures for s variety of
anomalous conditions, including measurable levels of
unbonds, voids, delsminstions, inclusions, poresity,
fibre dsmsge, core damage, bond-line thickness
varistions, and certsin meterial properties.
Configurations commonly inspected include adhesively
bonded laminstes, adv d fibre composites, snd
honeycombs.

There are twvo different approaches for
ultrasonic testing (UT) of & laminate: pulsed wave
and standing vave. The pulsed wave spproach relies
on resolving transmicted or reflected puises in cerms
of propagation times or amplitude variations.
Instrumengs such as the NDT [nstrumencs’

Novascope'= 3000 are wvidely used 1n this approach,
aoften favoured for evalustion -f compositer
immedistely folloving their manufscture.

When composites are bonldel to other components
in secondsry operations, co-bonded during primery
fabrication, or suspected of in-service degradation,
stending vave propsgstion UT tende to be favoured.
With & suitsble UT transducer, stending vaves are




generated throughout the laminate thicuness. In
general, sccess o only oae side of the jart is
required. Differen: types, sizes :nd depths of
anomslies in multiple bdond lines produce changes :in
the phase and amplitude of standing waves, which im
turn affect the acoustic or ultrasonic :mpedance
valce at the laminate surface.

The BoundaScope 2100°s scope display represents
an impedance plane. A Qigitally generated “flying
dot™ indicates the locatioa, in phase and amplitude,
of the tip of a vector representing the UT impedaace
value as detected by the traansducer. Bond-liae
snovalies of different types or deptas produce
characteristic “dot addresses”. hen appropriate
calibration standards are used, the locatior of the
test dot can easily be compared with the location of
calibratioa dats. A simple keyboard on the front
panel of the BoundaScope lets the operator program up
to eight calibration reference dots on the
instrumect’s memory display.

Phase rotation, meter indications, and high/low
alarms combine to enhance €lav indications and
suppress small, irrelevant indications. Each
3ondaScope prabe has a built-ir miniature
light-emitting dinode alarm light. Once the setup is
made, the operator can concealrale on scanning
coverage and accuracy. Because the aperator dees not
have to watch the display all the time, scaaniag
cates are hizher and fewer flaws are missed.

{KDT Tastcuments, Inc., Huntingon Beach, CA, USA.)
(Source: Matarials Svaluiation, 43, October 1386,
p. 1294)

Ultraisenic testing

The Xanoscope 312 ultrasomic flaw detector is
parricularly suited for the inspection of thin
composites in the 0.015-0.506 ia. (0.38-12.70 mm}
range bdecause of its near-surface resolution. The
instruzent has 2 broad-band receiver thal worxs well
in the 2.5-5C Miz cange. Tne television display can
bYe easily read in high ambient light. The echo
pattern may be time! eithar [rom the initial puise or
from the interface Hetween %:e water and the test
=aterial., The «lJ provides four differeat outputs.

1f the Nanoscope %12 is coupled to Erdman
Inszruments’ S12A B/C-scan unit, both 2-scans and
2-scans of the composite can be shown. The R-scans
are presented on the 19 in. (48 cm) cathade-vay
screen of the S12A B/C; the A-scans, on Che
Nanoscope. Together, they make a powerful tool for
vesearch as well as production. (Erdman Instruments,
Inc., Pasadena, CA, USA,) (Source: Materials
tvgluation, &4, Octeder 1986, p. 12997

Complex nagnetic field flaw delection method

Sumitomo Metal Industries has developed a
complex magnezic field flau detestion method, to mees
reanairenents for prolutt gquality guaraniee
aczompanving the productioan of higher grade steel
pipes. The mechad can detect flaws autonatically :a
1th magneric and nona-mazartic materials by toe same
Line, ant adaprs tn small-la? productioan.

Sy this method, the surfaze of the material to
“e checked is magnetized by a4 combination of
horizontal and vertical magznetic fields, mak:ing
shanges in the surface of s~lectromagnetic fields
caused by flaws (Cype and siza) ecasily detectable by
the magnetis sensor. It is possible to detect the
existence and properties of all flavs, to evaluare
them, aad Zo improve the accuracy of product quality
Z2uArANCee,

Sumitomo Metal Industries, which adapted this
nethnd for the inspection line in its steel pipe
producting plants in tts Wakayama wvorks, will employ

this for inspection of round UC billezs axc steel
bars and wiil develop positive marketizng ampprceaches.

This flaw detection method d>ffers the follawing
features:

(1} 1Ic is applicadle to 3il trpes of =etal
naterials.

(2) It cae evaluate flaw properties.

t3; Visual inspection is automdaled by

quantitative deteclion of pit fiaws.

(&) The detection sect:iox ks ssail and l:igac
due to the development of three migaetizaiion MMILVSs-

{3} It is equippes with fuactions of
autodiagnosis made possibis throughk sigaal <igital
Jrocessing and of automation of semsifivily selling-
{t has high reliabilicty, leadiag to 2 higher
operation rate. (Source: cChemical Economy § Eng.
Revieu, May 1986, Vol. !, JNo. 5 (Xo. 1%3j, p. =:)

Kew tests have been Jleveloped

Mew tests have been developet tha:
researchers (o detect micro-arginisms T
arrosion of allars and Jdestror wells [-
steel.

vaderac

in 2

Thz2 currenl proces: [akes weeks

to determine if 2 problem exists byl 1w new e
leveloped at Rexnsselaer Polytechaic lastitute by
nicrebiologist Jaatel Pope give resulis witnir
mirutes. The first test uses axtidodies spezific o
srzanisas :n question. Fluorescenl éyes and portasle
microscope are uses U9 nighlight aad coual sgesence
of organiszs. Field researchers cam fes: il Lo

20 samples ir | hour. The seconc test, cologizelrts
test, produces 12 to i3 sampies 1n I hour. Coiour
nroduced deteraines exient of aow mANY organszs 402
Tests are Lnexpensive = &1 [0 $1 per
Tecanology is avaiiable Zor licemsing.
3ex 295, RD 1, Pezersdur,, XY il
Inside R6D, 33 July l%3n, p. =

sresent.
saaple.
{Sio0tesz, In=.,
U3A.

Yew ultrasoaic seasor developed

A nev ulCrasonic sensor for measuriag tie deptn
and properties of Created s.rfaces of steels and
wetal aliovs has been developed at the U3 Departzent
of Commerce's National Bureau of i:iandards (5333) by
tuo guest workers from Johns Hopkins Universily and
an NBS scientist.

far wmore than & ceniury, melal prifucers have
Seen using conventional cardurizing and nitriding
heat treatmenis o improve the perfaormance of
netals, These treatamenls are used to harden the-
surfaces of steels and sther allays, giviag (ne=
et

added sarface strenygth and resistance to wear
corrasion. The hatdened meals are us-ed
11 engines and in numerous other ngustriai

asplications where performinie 13 espel tally

3 Beariags

pstioal.

Convenltonal Trealmsanls 207 modifying, melals are
Letny joined Dy emerging rapid solidilication
fe anolopies using eleclean, beans aad lasers To
layers Hn
Iuridces

change Che Rcrostiructures «f surlace
artals. The new procesies give Che exterior
superior perlormance characteristics dillerend
their metal substrates and produce xatersais &
technology applications.

trom
or i

The sensor, whizh uses ultrasonic vaves L0 Miae
very precise measurements of bota the lepth and
wechanical properties of surflace-modified lavers, is
made up of twy ultrason:c transducers: oae to iasnch
high=frequency sound waves and another to recrive
them as they move acrass the surface of tie malerial.



Sy messuring the velocity of the ultrasocic
vaves, it is possible to determine the thicxness of
the modified surface, evaluate its elastic
preperties, exaxine the homogereity of the surface
layer, ard possibly detect flaws or delamirnatioas
that way exist between the modified surface laver and
the substrate.

The sensor eliminates the need to destroy
finished products by cross-sectioning materials to
determine the effectiveness of the processes used to
oodify aecal suriaces and the quality of che
cozponent. (Extracted frem Materials Evaluation, 55,
July 1986, p. 953)

Conductivity Tester

K.J. Law Engineers, [zc., Farmingtoon Hills, ¥I.
affers the 4900C Verimet portadle conductivity
tester, with plus ot minus Q.5 per ceat accuracy for
alumiatium atlovs. This microproces.or device permits
teaperature-conyensated testing of the heat-Ireazed
condition of mocferrous metal, provides direct
digital readout of conductivicty from IZ to
110 per cea: of the Intermational Aanealed Copper
Standacrd, aad showvs the calibration cemperatute on o
dial. The stadle-crystal adaptive-frequency-
controlled oscillator provides 0.05¢ ian. (1.27 ==)
zazstaac depth of penetration into the part. Thiazer
parts are Tested using the compeasation control.
{Source: Materials Evalusation, 43, January 1936,
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X-rav aralvser for metal sllovs

A neuv portable X-ray analyser has been developed
er the Elecrronics Division of Outokumpu Oy of
Finland., The analyser, designated X-MET 840, can Ye
used both for identifying alloys and for elemen:
azalysis. The campesition of Yaown alleys can be
measured and the result stored in the analyser's
cezory. WUhen an unkaown alloy is analysed, its
zomposition is compared with those alloys thaz are
stored in the analyser. If the coaposition of the
unknown alloy corresponds to the cosposition of a
stered alloy, tire analyser presents its name on the
display.

If the correspondence is not close enough, rhe
analyser gives the name of one or two allovs thaz are
slose to the analysed alloy. Alternatively, the
analyser can tell you the clemeat composition of the
alioy = up to six elemeals at the same fime, in
perceatages. The analyser has 31 butle-in calidration
prograrme, which eliminates the aeel for an external
zamputer or manual (ransfer of data for calidration
purposes.

Four different tvpes of probe can de used
together with the analyser's eleztronic unir.
Different radioactive sources and detectors are used,
depending on the application. All elemen:s from
aluminium to uranitm can be analysed.

According to the manufacturer, Outokumpu, the
X-MET 840 analyser is patticularly siutable for
on-site messurements. It veighs only B.5 kg with the
surface probe attached and is said to be very fas:
and easy to use. The primary application of the
analyser is metal sorting and identirication, but it
also finds use within e.g. the cheaical induscry for
rav material and product control snd within the paper
and plastics industries for unalysis of fillers and
additives as well as coatings.

The analyser can also be used for the analysis
of hazardous substances in environment protection.
{(Clandon Scientific Ltd., Lysons Avenus, Ash Vale,
Aldershot, Hampshire GUI2 SQR.) (Source: Metals &
Minerals International, 4/1984, p. 21)
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Alloy sorting

The Indentome: G-ll marueted exciusively iz the
UK by quality control instrument company, ATL
{Applied Technology) Ltd., is claimed ro enadie
aperators to ideatify the precise composition of
alloys in a test vhich tazes less than a sezoad o
complete.

Using a combination of established physics
priaciples and modern electreaic technclegy, the
Indentonet exploits the Seebeck effect to derive
acczurate information from what would normally be
coastidered (o be imperfect sources of data.

The instrumeal relies on the fact that
teaperature~dependent valtages are developed across
juactions betweea dissintlar metals.

As this phenomenon derives its eaergy frum
Sundiz=eatal elecironic dehaviour at the atomic ievel,
the voltages are strongly dependent on prezise ailoy
compusitions snd are measurabdly affected by the
precise physical state of the metals.

The Indentomet's LCD voltmeter display, which
is calitrated to provide ene division per 23=V,
permits the identificatior of such appareatiy
identical aickel-based stainless alloys as Morel,
Inconel 600 aai Incalloy 830. The instrument is
also able to differentiale betweea aged and unaged
stainless steel.

The instrument caz also be used to assess
coatings and metals in plate, fine mesh, wire and
strip form. (ATL (Applied Technology) Ltd., Heriot
House, iferiot Road, London KW& 2DG.)} {(Source: Steel
Times, August 1986, p. 450)

Non-desIructive vibration testing by digital
speckle tnCerfelomecry

A group of applied physicists have developed a
simple, sensitive and versatile laser speckle device
called Digita! Specule Paztern Interferometer (DS?I)
for in situ (non-destrucrive) testing of stability
and vibration of micrometallic components. The
earlier iastruments incorporating TV monitoring used
aon-linear electronic devices to enhance speckle
zaatrasz; these were somevhal iasensifive.

3asically the device uses Reticon 160 x 1000
phitodiode detector array to record and multiplex the
optical signals reaching it and the diode output is
analvsed in a digital computer; che compuler results
are monitored on a video screen. in speralion, He-Ne
laser beam is split up iato two mutually
perpendicular beams ar a beam splitter. One of the
beans is collimated towards the test object
(vibrating) onto which is fixed a2 beam diffuser. The
diffnsed laser speckle beam is tnen reflected by a
mirror. The heat difference hetween the reference
vibration and the object vibration is focused onto
the photodiode array.

Now the other split beam from the beam splitter
is focussed onto 3 single mode optical fibre the
other end of which is close to the diode array. The
laser beam from the fibre is then multiplexed with
the diffuse beam reaching via the test object. In
the absence of vibrations of the object and of the
transducer-controlled mirror, the correlation signal
finally appearing at the video monitor is the
scandard y-function; in the presence of vibrating
test object, the output pulse is no longer a simple
§-function. The computer analyses the pulse shape
and depicts the harmonic frequencies and amplitudes
on the resulting waveform on the manitor. (Source:
Journal of Scientific and Industrial Research,

Jume OBG, p. 112)




Mecallurgical imaging

Cambridge Instruaments, Inc., Monsey, NY, kas
made available the Quantimet 970 image analyser for
metallurgical quality control. To evaluate the
pecformance and suitability cf steels and alloys, the
icage analyser incorporstes the DEC LSI 11/7}
computer for precise simulation of international
standards such as ASTM E35 aad SEP 1570. (Source:
“sterials Evaluation, 44, February 1986, p. 196)

Copper tubing testecr

K.J. Law Engineers, Inc., Farmington Hills, MI,
has adapted the MA4900C digital eddy current
conductivity tester with 2 V-Block to verify the
phosphorcus content of copper in both finished tubing
as well as bar stock. Widely used in the heat
exchanger and air conditioning industries, the copper
alloy CDA-122 {normally 39.90 per ceat copper with
0.015-0.050 per cent phosphorus by weight) requires
rigid control of the phosphorous content to maintain
its correct properties for silver alloy brazimg and
soft soldering. Brazing with incorrect alloy mixes
may result in embrittlement, jorosity, or leaching of
tubing walls, causing premature failure of compressor
systems. The phosphorus coantent can be quickly
decermined by eddy current conductivity readings by
vsing the Verimet conductivily tester, as has been
demonstrated on 0.625 in. (1.59 cm) tubing.

{Source: Materisls Evaluation, 44, February 1986,
p. 196)

Tiny borescope

Instrument Technology, Inc., Wescfield, MA, has
made available the Model 124200 Micro-Micre
borescope, one-half the size of the firm's previously
smallest borescope. The 3.5 wm diameter instrument
allows iaspection into 0.020 in. (0.51 wm) holes
common in printed-circuit boards, computer chips, and
related components. The borescope is available with
2 2 in. (5 cm) maximum probe length. Viewing
direction is forward with a 50 degree field of view.
Fibre-optic illumiration is included within the probe
diameter. Camera adapters are available for
photographic and video applications. (Source:
Materials Evaluation, 44, February 1986, p. 186}

Magnetoelastic Cesting

The Stresscan 500C from American Stress
Technologies, Inc., Bethel Park, PA, is designed for
fast and simple tescing of residual and applied
stresses in steels. The instrument consists of a
prograrmable central unit with interfacesble
keyboard, alphanumeric and light column displays, and
exchangeabls sensors. Three standard depths of
messurement are festured, and the device can be
operated either in a programmed mode for routine
stress testing or in a manual mode for calibracion
and research. Applications include stestic and
dynamic inspection of stresses in welded structures,
bonded composite strips, steel mil) rolls, gears,
shafts, snd bolits. (Source: Materials Evaluation,
44, Februsry 1986, p. 195)

Microprocessor controlled tensile testing machine

J.J. Lloyd Instruments Ltd. has introduced a
microprocessor controlled, 50-kN (5-¢) electronic
universal tensile testing machine which offers a
cost-effective replacement for s mechanic:l testing
machine.

The nev model, Type T50K, has been developed
from the successful T Series machines and may be used
in tension end direct compression, through zero, up
to its maximum force capacity. The TS0K may be
fitted with & range of interchangeadble,

pre-calibrated load cells, providing a force
seasureaenl canacity from O.0l X to 50 kN. Ail the
23in sachine functions are push-button controlleé and
an in-line, calibrated digital comtrol provides
coatinuously variable crosshead speeds from

0.2-100 ma/aia. Standard features include digitai
display of load and extemsion and Peak Hold facility
with metric/imperial conversion. precision
recirculating ball screws, Auto Zero for lvad and
extension, Back Off and Szale Exparsion for loazc and
extension readings.

Optionai facilities include an X/Y recorder,
giving a permanent record of load/extemnsion, an
Impact Printer t> record the *peax lcad® and
‘extension" and which will also compute and recoerd
the mean and standard deviation for bhatches of up to
100 samples. An input is also provided to enable a
non-contacting infrared extensometer to be fitted.
Other optional facilities include a computer
interface, cross-sectional area compensator,
automatic grip controller (enabling the machine o
operate in a completely automatic mode), and a wide
cvange of grips for use in tension or compression and
flexural accessories. (J.J. Lloyd Instruments Ltd.,
Brook Avenue, Warsash, Southsmpton, S03 6HP,
England.) (Source: Metals & Minerals International,
1/1935, p. 18)

Computer-aided mobile spectrometer

The Q 500 is a compact, mobile optical emission
spectrometer (OES) for wmix-up checks im all sectors
of the metal industry.

The test is :(un with a sparking probe, which is
held against the workpiece to be tested, thus
generating an arc between the probe electrode and the
vorkpiece. Via a fibre-optic cable up to 12 m long,
the emitted light is transmitted to the measuring
inscrument, in whose optical system the spectral
lines characteristic of each of the elements are
analysed simultaneously. (Leybold-Heraeus Gmbii,
Poscfach 1555, D-6450 Hanau, FRG.) {Source: Steel
Tizes, August 1986, p. 4%50)

Fracture testing

Fracture testing of large sections of steel,
using loads beyond the abilities of any conveational
hydraulic tester, has been developed at the Atomic
Energy Authority’s laboratories at Risley,
Warringcton, UK.

The technique arises from the need to test the
integrity of pressure vessels and other structures
used in nuclear power stations and involves spinning
eight tonne steel cylinders at 7,000 rpm about 2
cencral axis.

This generates large stresses in the cylinder
wall, due to ceatrifugal forces, and the steel can be
taken right up to its yield point (at which it starts
to deform). The method will initiate crack growth in
pre-existing flaws, The test cylinders are
1.3 metres long, with a2 1.4 metres outside diameter
and wall thicknesses of up to 200 mm,

It will be possible to heat the test cylinder o
400°C and then quickly cool it by sn internal water
system to induce severe thermal shock to test the
steel’'s resilience. (Source: Financial Times,

6 June 1986, p, 9)

Flux leaksge testing

For inspection of ferrous tubular products,
Oilfield Equipment Marketing, [nc., San Antonio, TX,
offers a magnetic flux leakage process using
solid-state transducers. The sensors are nnt




sensitive to speed. Defects of 45 degrees are easily
found, and defects can be detected through a mech
thicker cross-sectional area. High seasitivicty and
resolution to inside and outside diameter defects,
both transverse and longitudinal, are achieved. The
firm designed this system so it can be retrofitted
into existing pipe inspection units. Bothk mobile and
in-plant configurations are available. (Source:
Macerials Evaluation, 44, October 1986, p. 1329}

Substrate ceontinuity tester

SCT-1000 is an automatic ecircuit continuity
tester for production testiag of cozplex multilaver
hybrid substrates. By comparing the deviation caused
in the measured capacitaace, opens and shorts are
easily identified. High throughput is achieved by
single peint probing with practically no restrictions
ce the number or density of points that can be
tested. (Teledyne TAC, Woburn, Mass., uUsA.)

(Sourc;: Semiconductor international, November 1985,
p. 152

Magnetic narticle system

Ridge, Inc., Tucker, CA, Uil, distributes the
Tiede family of mobile and stationary testing
instruments for surface crack detection in aircrafc
parts, large castings, forged components, billecs,
tubes, crankshafts, etc. e [sotest-Electronic
10,000 microprocessor—controllad mobile crack
detector is designed to deliver test currents from
2,500 to 25,000 A. The test current is 50/60 Kz AC
or fully rectified DC, and the instrument is suited
for comnection to a three—phase pover supply.

An important technical feature of these
instruments is the switched control on the secondary
side of the test currenz by means of power
thyristors, thereby ensuring short switeh times and
the fast-break operation. An optimal 3N-step
demagnetization uait can be included, and the entirs
test process is controlled by a microprocessor. The
electrical and electronic sections of the instrument
are separate from the power section ari are sealed to
keep out dirt. (Source: Materials Evaluation, %44,
February 1986, p. 186)

On-line grain size monitor

BNF Metals Technology Centre has reached
agreement with Oxford Analytical Instruments Ltd. (a
member of the Oxford Instruments Group plc) to
develop commercial equipment based on BNF's
revolutionary ultrasonic system for on-line
measurement of the grain size of annealed copper
alloy strip.

The new system promises to boost high-speed
production methods by making possible more frequent
and more reliable monitoring of quality; reducing
sCrap rates; and permitting easier controi of grain
size for different end-use purposes.

Industrial trials carried out at
John E. Mapplebeck Lrd,, Birmingham, have proved the
engineering feasibility of a prototype assembly, BNF
is serving as consultant for the development
programme, to design, construct and preve a
commercial instrument,

Crain size is a critical facror in determining
the mechanical properties of wrought metal and its
suitadbility for furthrr pracessing., Ultimately,
Rrain size nffects the final propertiers and service
pecformance of the end product,

Tradirtional mrthods of grain size measurcement
are slow, labour-intensive and notoriously aubjective
(as demonstrated by inter-laboratory trials), They

are not amenable to oa-line application and,
consequently, to remedial contrci of the production
process. Furthermore, existing methods require
samples to be cut from the strip, which damages
saleable material.

Ultrasonic monitoring maxes possible swift aad
reliable non-destructive testing throughout the fuil
length of a strip, complete with a certified
print-out for each batch if requirec.

The use of :ltrasorics in non-ferrous metals
research is by no means new but the high degree of
signal attenuation in copper has alvays been regarded
as 2 negative fac:zor. It was a BNF researcher who
suggested that the attentuation which is due “o the
grain structure, might be turned to advantage for the
measurement of grain size.

With the increasing emphasis on grain size in
bat'. national and international standard
sr -ifications, and the move to higher speed
a. atic production methods, the foresightedness of
BNF researchers is now paying off. Some €£200,000 has
been invested over the past four years in mastering
the complex physics and in learning how to capture
and interpret signals backscattered from moving strip
to give an immediate reading to mean grain size. It
has been demonstrated that the performance of the nny
cethod on brasses is at least as good as traditio..
visual comparison methods aad incomparably faster.

Oxford Analytical Instruments is comvinced that
there is a large patential international market fo:
the instrument. The use of copper alloys in the
rapidly expanding electronic components market aione
should ensure an important demand for the equipment.

Work has so far been concentrated on copper
alloys but there is ro reason why the system could
not be adapted for use with a wider range of
materiais. The ultrascnic back-scatter technigue
might also be capable of providing information vn
aspects of metallurgical structure other than grain
size. BNF will coatinue to explore other potential
applications in its prospective research prograrme.
(BNF Metals Technology Centre, Grove Laboratories,
Denchworth Road, Wantuge, Oxon UX12 9BJ.) (Source:
Metals & Minerals International, 4/198+, p. 21)

Measuring borescope

Olympus Corp.'s Industrial Fibreoptics
Department, lLake Success, NY, USA has made avaiiadle
2 measuring fibre-optic borescope that permits
measurementCs by optical means. Inspectors can
measure the length and width of even a hairline crack
to make more accurate and cost-effective teardown and
overhaul decisions. This ability is imporcant in
critical applications, such as the inspection of
turbojet engines, where costly decisions must be made
every day on whether or not to pull equipment out of
service for safety and maintrnance.

There are two methods of mcasurement.
Inspectors can measure a defect by zomparing its
dimensions with a reference distance visible through
the scope eyepiece. Thiz method is quick and
reliable.  Where more critical meascrements are
nreded, video imaging or photography may be used.
Using one of the firm's video or film cameras, the
inspection target as sren through the Measuring Scepe
15 viewrd on a television screen monitor,
photagraphic print, or projected sl de. Heasirements
of the drfect and reterence distance are then faken
ecasily and accurately with a rule:.  The Crae bength
and wideh of the defect 15 tien quickly deternineg hy
entering these figures on A haudy conversion chart.

kﬁnurcy: Matecials Evaluation, e, February 1van,
p. t8n T e e e




An ultrasonic method finds flaws in ceramic
zovdcrs

A nondestructive evaluation technique that
permits producers of ceramics to sutomate the
inspection of compacted powders while the material is
stil: in the mold has been developed at the National
Buresu of Standards (Gaithersbhurg, Md.). The
technique is said to supply producers with
information on the uniformity and deansity of
materials at almost any stage of compaction. By
measuring the time beween pulses at the top and
bottom of the mold, the velocity of sound in the
ceramic power can be calculated. The velocity
depends on the consistency of the unfired material.
(Source: Chemical Week, 15 October 1986, p. &4a)

Evaluation standerd of advanced materials

With the expansion of uses of advanced
materials, demand for establishing standards on their
quality evaluation is growing. The establishment of
standards will be essential for the spread of
advanced materials. Evaluation organizations step up
jointly by industries, universities and the
Government are now about to go into operation.

Nissan Motor and NGK Spark Plug developed
jointly last year a ceramic votor for a turbocharger
for the first time in the wvorld. The ceramic rotor
is mounted on a sport car "Fair Lady Z"”, and it wiil
be adopted for the "Skyline™. The co-operation is
based on the firm belief of the two companies that
the lack of common value standards between
manufacturers results in hindering the spread of
asdvanced materials.

using shape memory 2lloy for
The company uses the shape
Furukawa Electric.

Wacoal succeeded in
the wire of a brassiere.

memory alloy produced by

The Fine Ceramics Centre (JECC) in Nagova City
was set up in May 1985 with the support of the
Ministry of International Trade and Industry (MITI)
and the financial circles in the Chubu area for the
purpose of establishing a ceramic unified tesc
evalustion setup and exploring uses. 1€ is now
constructing its research institute at sbout
%7 billion.

The largest problem in evaluating ceramics is
the messurement of their strength at high
temperatures over Z,OOO'C. Measurement techniques
for room temperature have been more-or-less
established. JFCC, hoping to establish high-
tempersture messurement technology within two years,
intends to set the JIS standard on the basis of JFCC
standard, The establishment of standards will be

useful for cost reduction. (Source: Chem. Economy &
Eng. Review, July/August 1986)

Thermal conductivity testing

The Edward Orton Jr. Ceramic Foundation offers a
thermal conductivity testing service applicable to
recamics and other materials with thermal
:onductivities of €0.21 J/eml.s,"C, A
computerized radial heat flow method is used.

Thermal diffusivicy is determined by this method from
which thermal conductivity is cslculated using known
values of specific heat and density. The resulcs are
presented in both graphical and tabular forms
covering the tempersture range 100°-1140°C evaluated
at 20°C intervals. (Source: Ceramic Bulletin,

Vol, 65, No. 9, 1986)

Device tests strength of ceramics

A device thar can test the strenzth of advanced
ceramics has been licensed for commercias application
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to Instron Corp., Canton, Mass. The device was
developed at Dak Ridge Xatiomal Laboratory,
Department of Znergy. Little or no accurate data
exist on the tenstle fatigue properiies of advanced
structural ceramics, as exist for metal alloys.
Couventional custom—made testing Jevices are
expensive, difficult ro operite, require special
specimen preparation, and freguentiy bend and damage
specimens Juring testing. The OXNL self-aligning
grip assembly, called "Supergrip” by Iastrom,
provides extremely accurate specimen alignmeaz, with
no special specimen preparation required. Eight
interconnected hydraulic pistons uniformly distribute
a2 tensile load through the cuentre of a test sample.
The device can be water—cooled easily to make it
compstible with induction heating or small furnaces.

(Source: C&EN, 1 December 1986, p. 21)
Plastics

Film hole detection

Hyde Park Electronics, Dayton, OH, has made
available the MA-27 clear film hole detector for the
detection of small poles in clear, thinm, plastic
film. A Microsonic™ sensor array using
high-frequency sound can test any material, even
clear {ilm, without being affected by cortaminants
such as film dust, ambiear noise, and light. A
modular design permits varying coverage of up to
100 per cent and flexibility for various widths of
materials. The film is inspected in real time and
can operate at film speeds greater than 2,000 ft/min
(36 km/h). (Source: Materials Evaluation, 44,
February 1985, p. 195)

Low-force tester checks many properties

The Model 858 dynamic tester has a broad range
of testing capabilities in the force range from 1,000
to 5,500 psi, making it suitable for both R&D and
production applications.

The unit, which has a load frame with a moveable
crosshead, is available in table sizes of 27.5 x 8,
30 x 30, and 20 x 54 inches. Options include a
20-inch stroke actuator, and axial or axial-torsional
testing capabilities., Electronic controls and data
acquisition packages, ranging from a table-top
microprocesscr system to an advanced sutomated system
are available. (MTS Systems Corp., Minncapolis,
Minn., USA.) (Source: Plastics World,

September 1986, from a special report "Quality - How
do custom processors measure up?")

Tester reveals impact qualities faster

The ICI instrumented impact tester performs all
standard tests, including Charpy, I[zod, Falling
Weight, and Dart-drop. [ts ststistical "package”
enables it to test and compare up to 100 samples
simultaneously. Impact properties of plastic
materials and finished products can be sssessed more
rapidly than with conventional test systems. Faster
testing enhances control of impact quality in
processing operations. The tester incorporates r
microprocessor control with softvare that guides the
orerator through the test procedures nd eliminates
subjective assessment of results,

(Carl G. Brimmekamp & Co., Inc., San Rafael, Calif.)
(Source: Plastics World, September 1986, from a

special report "ualifry - How do custom processors

measure up?”)

THI/Dewes Gumbs high carbon steel test dies

TMI/Dewes Gumbs high carbon steel test dies are
designed for use on such materials as paper, rubber,
plastic, and fabric. Specially hardened for
durability, cutting edges are manufactured fo undergo




repeated leveling and sharpening without altering che
cutting area size. More than 300 types and sizes of
economcally priced dies are offered for specimen
preparation for a wide variety of tests. (Source:
ASTM Standardization News, December 1986)

Oscilleting disc curemeter

Zwick of America introduces “he Model 4308, the
floor-mounted, oscillating disc curemeter designed tc
determine the vulcanization characteristics of rubber
compounds, such as thermoplasticity, processing
safety, cure rate, cure time and ultimate state of
cure. The basic test instrument consists of a 19 in.
freestanding console containing a control processor,
electronic units for torque, temperature, and Cime
measurement, and an external 12 in. CRT visual
display with alpha—numeric keyboard. (Source:
Standardization News, December 1986)

ASTM

Meth-d for testing plastics for lighc stability

Brief description is provided for testing light
sensitivity of plastics, consisting essentially of
exposure to a controllea light source and subsequent
determinations of hydrophobicity for comparisou with
the values for unexposed samples. For studies on the
effects of UV light, the samples were encased in a
quartz capsule filled with argon under a pressure of
0.133 Pa. Following exposure to light from DRT-220
and carbon-arc lamps, the wetting angle of the
plastic samples changed by as much as 60 per cent.
The use of cptimal doses of protective additives
favoured the retention of hydrophobicity. (Article
by N.M. Savvo, A. B, Kamenetskiy, R.G. Chebotkevich,
M.S. Gubanova and G.N. Krasnova.) (Abstract from
Moscow Plasticheskiye Massy in Russian, No. 7,

July 1986, p. 40)

MARKETING

Quality control appears on the bottom line

Quality management systems cost money but have
the potential to cut costs too. Increasingly they
are becoming mandatory, and there is a growing
interest in this field among plastics processors.

Tougher and more demanding markets plus the
1980s push to reduce costs have converged in a move
towards quality assurance and quality management
programmes.

The Seczoral Consultative Committee’s report on
the plsstics industry pointed out that quality costs
are intrinsically more variable snd controllable than
others. The price of material is outside a manager's
control, and the scope for controlling other economic
factors is limited. But there is no inescapable
reason that 5 rer cent to 20 per cent of the products
made must be defective, requiring expensive scrap or
rework; or that 10 per cent to 20 per cent of the
manpower within the manufacturing area must be
engaged on inspecting and testing this defective
product.

Manufacturers in high technology areas do not
tolerate lax quality levels from suppliers. Quality
is not merely a pious statement - it means money.

One computer multinational is DEC. It has quantified
the financisl penalties that s manufacturer which
buys from slipshod vendors may face. A supplier may
sell items at what appears to be & low price. But
defective product will require some form of remedial
action, increasing the real cost of the consignment
to the customer, According to DEC:

-~ A 1 per cent defect level in components
supplied increases the resl, manufacturing
cost of these items by 3 per cent.

= A 2 per cent defect rate increases the cost
by 4 per cent, vhile a 3 per cent defect rate
pushes it up by 7 per cent.

- With a 4 per cent defect rate, a supplier's
products are costing the customer 1) per cent
mote than the list price.

- A defect rate of 5 per cent o 8 per cent
increases the real cost by a massive
22 per cent.

These factors can be taken into account when
tenders are awarded, and the quotes may be adjusted
accordingly. It is one way of counting the costs of
poor quality.

The consequentizl cost to the end user of
equipment failing in the field is often such that it
is well worth paying a price differential at an early
stage and passing the cost of the quality effort on.

The first Irish standard for quality systems,
issued last year, became a bestseller and there is a
move towards an initiative specifically for the
plastics industry. These are welcome developments in
the light of a8 1984 survey of 90 companies (carried
out for the SCC report).

The increasing awareness of quality management
vas evident; 87 per cent of companies polled said
that they could benefit from improvement to quality.

The survey looked at quality planning and
procedures. Of the Irish companies, 76 per cent had
a quaiity plan, and some 71 per cent of the foreizn
firms had one. An interesting conclusion, since
foreign-owned firms are usually perceived to be in
advance of indigenous companies. However, the level
of activity and follow-through in the area of quality
management wvas far greater in foreign-owned firms,
which also made more use of international and
national standards.

The survey noted "a significant absence of
formal procedures for quality assurance ranging from
30 per cent to 14 per cent in the areas of raw
material, process and product for all companies”.

It looked at the competitive aspect of quality.
Some firms were facing tough competition frow
imports. The problems came almost equally from low
price/inferior quality items, and competitively
priced/superior quality, g ods. Companies facing
difficulty wvith the cheap, inferior imports wanted
official standards, and to a lesser degree a
certification scheme.

Also highlighted was the need for training in
quality training: 30 per cent of indigeneous
companies provided such training, compared with
75 per cent of foreign firms.

A quarter of the Irish firms recorded the costs
of their quality management and assurance programmes,
compared with three quarters »f the foreign-owned
companies.

The survey concluded that while many firms
considered they had 8 quality plan, the level of
activity in this sphere (for example, training,
procedures, costing and so on) ""would indicate that
this, in fact, 1s not the practice”,

The report concluded that there was a need for
quaiity training and more national standards. There
is no doubt that where possible & certificatinn
scheme and sttendant certification mark guaranteeing
third party assurance must be introduced. The simple
claim to meet a standard by marking as such and che




presence of an official certificatioa mark must be Handboos on Testisg ané standatdizalion of
highlighted as two very different imdicators of plasties.
quality assurance.

Iadex uvf national and internazi-nal standarcds

As far back as 1982, proposals for an entirely tests. (Testing for plaszics).
new type of standard emerged. Most standards focus
on specific products. consultative committee The past, preseat and fulure of plastics :in
representing industry and user interests meets over a rPeilding appiications. iExpert report asm the use o
period to cousider the proposed specs and plastics as building materials; testing facilities).

requiremeats. Standards are generally finalized by a
pracess of consensus; chey get their sar:tion froe Repar? on technical assistance to the plastics -
the demands of the marketplace, and agre:d industry fabrication industry in Nicaragua and proposais for
practice. the establishment of the plastics technology centre.
{Expert report on assistance to the plastics ind.,
Most if not all standards are issued as a quality control, testing, etc.). -

respanse to technological and industrial developments.
Facent developnenats of wire eracel for =aznet

One exception was the work of che Britishk wires iz electronic and motor applications (use af
Standards Institute in the 1970s on standards plastics; testing requirements, etc.).
dedicated not to a praduct or group of products but
to a2 system of managementi. This led to a standard, Latcraterivm fur Kuaststofftechnik, a possidle
88 5750, which specifies a quality management zadel for inszitutes of traiming, Testing and

systen — its components, objectives and requirements. tesearch of plastics. (Research and tesIiny cenire
ca plastics:.
In Ireland, IIRS had been fallowing this

pioneering work; now there are moves to estabiish Research aad produciion of cerda=ic maleriais Zer
Zuropean standards in this field. In 1982, IIRS took alectrontes tndustry, demanta. (Expert repers o

t:e initial steps to devise an Irish system, research and developmen: of -ezumizs for ne
incerporating madifications and revisions which had siectriaics ndustry; preseal $2alias WILR Tespe:l Io

been learned from the BSI's experience, and geared to laboratery and tes
irisk needs. A consultative committee met, discussad
and circulated cthe proposed standard. Clay ¢

s factiizies;.

fining and glaze:d il

Malta. ?2reoject fiadiags and recommend
The result of this wvork is an extensive body of JExpert :epert on assisZance i1 es
documentation published early in 1985, a l0-pact ceramzics indusiry in Malta; preparalion of
series of quality specifications. srozrarme, etc.).

Tre core of the series is a specif:cation terzed

Consultant ¢n clectro-porcelain-manuiaczture in
IS 300, which sutlines in a aumber of pa-ts the the cerazics corpcration in Sri Laaka.
prirciples of quality systems mznageae1: ~he findings ané recommerdalions. {Exp~ct
necessary design, proluction and insraliation an manufacture of ceramics; required tes .
capzbilities, and final test and inspection
capadilities. Tnis is supplemented by documencs ttude préparatoire 3 l'impiantation &'une
vhich advise on sampling procedures, quality manuals, briqueterie dans la région du fleuve, Senezal. (A
qiality audits and a quality glossary. A further study on setting up bricks production in Senegal;
documensz sets out procedures for service induscry. ceramics, testing, etc.).
(Extracted from Technologv Ireland, April 1986,
pp. 46-29). Viet tam. &ir conditioning services and
facilities for the metrology and testing ceatfre at

The foilowing two newsclips appeared in ASTM Bien Hoa. (Report on assistance to a laboratery;

Standardization News, November 1986, testing rooms for paper, leather, plasti:cs,

chemicals, etc.).
Digital durometers for testing elastomers and plastics

Viet Nam. Institute for Standardizazisn and

Zwick of America introduces a new series of Qualiey Control.
dipital durometers for testing elastomers and
slastics to ASTM D 2230. The digital durometers are Report on mission o Cipel, Macras (injecZiun
available in two models, Zwick 3123 for elastomers =oulding technology). (:Zxpert report oa assise
and the 312% for plastics. Both durometers are tc a training centre for plastics mouldin, tecnnology
rauipped with an optical encoder that can determine in [ndia, testing section, Jesign centre, efc.l.
the Type A or Type D hardaess of the material unier
trst to A resolution of 0.} units, Tanzania. Report on development of TIRD)

ACTIViILY In fnzineering services. (Expr—: re,n—l ~3

T™I's Dig:tal Pnlkanda Probe Tack Tester lots assisgance fo 4 research centre (TIRDOY, aTing,
aperators requlate Cest variadles In accordance with quality contral, ext,), .
sprcific Fest requirements, The iastrument accuralely
éeternines tack hv measuring the force required to Tesbnalopical tesfs for raw matrrials for
separate an adhesive surface from a probe Tip. A brice plant near Khartoue-3udan,  (Repart on
variety of available probes, including a temperature rechnslegical tests;  labaratory testing and
contrnlinrd probe to measure hrat activated adhesives, rrading of mater:zals)., i

test varinous pressure sensitive materials,
taeryy conservalion in non-@cfaliics.  (Expert
repart on potential use of a mobiie diagnostic unif

UN/UNIDO ACTIVITIES from Czechoslovakia for improvement of eneryy saving
in processing of non-metallic minerais and ceramics,
INIDO reperts on material testing since 1970 laboratory studies and tescing resulls, elc.).
Report nf the UNIDO/Austria second training Mission to India. Resins as mateixn for
programme in plastics technology for developing compnsites. (Testing experts and research

countries, programmes ).



Egypt. lastics development cenire. Assistance
ia training for procedure and specifications of
testirg. Techaical report.

Greece: consultation im certification and
quality centrol laboratories for PVC pipes. (Report
on assistance to quality coatrol laboratories for
polyviayl chloride pipes in Greece, covers
laboratory's testing of plasties, etc.).

Report on the testing of plastics and rubber.

Bangladesh, ceramics industry development.
(Procuremeat of chemicals and of testing and quality
control equipment).

China, mechanical properties of plastics.
Report about lectures and working groups related to
the testing of plastics.

Carbon fibre-reinforced pla<tics tesiing and
properties optimization. (International conference
cn carbon fibre applications, Brazil, 1983).

India, setting up westhering and testing
facilities at Cipet, Madras. (Expert report
regarding assistance to plastics testing in India).

Jamaica. assistance in the developaent of
ceramic industry.

India, assistance to Cipet/Madras in the field
of rheology of polymer melts. (Expert report on
assistance to a plastics research centre in India;
definition and significance of rheological research
and testing).

Seycheiles, technological tests cf ceramic raw
materials. (Report on tests of local clay for
potential use in ceramics industry, testing methods).

Optical fibre production. (Testing and quality
control).

Testing institute and plant laboratories for
testing non-metallic raw materials and products.
(Report on laboratories for testing).

Sri Lanka, establishmant of a ceramic research
and qevelopment laborstory.

Indis, plastics materisls and product testing
programne. One year mission report. (Fxpert report
on sssistance to a laboratory for testing of plastics
and plastics products in India).

Jamaica, technical report. Laboratory testing
3f packaging and plastic materisls and plastic
products.

UNDP and UNIDO visiting China

UNDP and UNIDO (as the executing agency) had
orgzanized a visit to China for US experts from the
National Bureau of Standsrds and Chemical Research
Livison of the American Cyanamid Corp., in the years
1984-1985, to visit and give lectures in the Service
Cent-2 of Testing Technology in Shanghai.

The development objective of the project was to
improve fhe research and development of industrial
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testing techrology to disseminate and popularize the
nev testing technology, and to develop and distridute
standard reference materials (SRMs), by gradually
establishing a3 centre responsible for testing and
analytical services, traiaing testing technicians and
studying tesiing methods in East Chins.

The Shanghai Municipal Coemission of J:ien-2 and
Technology in 1977 acquitred a collection ci recisioan
analytical instruments to augment the Stanghai
Institute of Testing Technology (<" ..) in order to
provide a systematic testing <~.vice. The gradual
shaping of the Shanghai T=.° .ng Techanclogical Service
Centre facilitates St .gnai's industries to supply a
large number of v. -..ologicai data.

Th~ “ustitute has a staff of over 600, including
£° -, .neers, 1210 assistant engineers,
138 techaicians and 195 mechanical and electric
engineering workers. Under it there are five
lsboratories for material testing, chemical analysis,
optics, radio-time-frequency and sensors, and a
workshop. There are twenty sets of imported
precision analytical instruments, including
transmission electronic microscope, scanning electron
spectroneter for chemical analysis. Spark source
=ass spectrometer, inductively coupled argon plasma
spectrometer etc. They are able to previde services
in testing and anslysing purity, structure,
opagraphic feature and surface of metal (and its
compounds), silicate, semiconductor and organic
materials.

At present, the tasks of the SITT are as followus:

(i) To test and evaluate the quality of
industrial products, e.g. life, resistivity, content
of oxygen and carbon and micro-faults in
monocrystal; quality of various coatiag layers on
bicycle rims and wrist watches; wmicro-impurities in
tungsten filaments ana aluminium lead wires of
semi-conductor etc.

(ii) To assist factories :n developing new
materials, the Institute supplies the analycical
data, e.g. the mechanism of anti-corrosion stainless
steel, attenuation of optical fibre, the efficiency
of tellurium-cadmium—mercury IR detector, the
components of nev enamel, the structure of
crystallite glass, the quality of solder and nodular
cast iron etc.

(iii) To develop standard reference materials
(SRMs), and use them as s means to czlibrate the
snalytical instruments. MNow the Institute can supply
several SRMs, such as NO, SOz, Si.

(iv) To play an arbitration role by supplying
the analyctical data in case the two parties in trade
¢o not asgree with each other in quality of products.

(v) To research new testing methods and offer
consultation services tn the industries.

Every year, approximately 10,000 samples are
tested. But compared with the rapid deveclopment
in the technology of industrial production of
recent years, the testing means now available in
the Institute are not capable to satisfy factories
and enterprises in testing and analysing their
products.




Field ot stwly

CUIDE TU TRAINING OPPORIUNITIES OFFERED BY UNIDO IN 1987

Ceneral descriptioan

Veaue and hosf iastilulion

Duration

Laaguage

GualiZications

Iron and steel
induscry
techaology

fetalvorking
induscey

Eagineering and
industcial design

Techanlogy and
equipment in
electric weldiang

Cemant tndustry

technology

Madern foundry
Certinagl.ogy

troen and xrewl
indontey

technatagy

Theory in techaological process
of equipment, econumic planning,
|anageaent, maintenance. la-
plant traiming i foundry, blast
furnace, sintering planr, open
hearch plant, rolling =milis,
refractory maintenances.

Plannieg, executing and super-
viziag of the mansfacturing
processes of machine parts;

design of jigs and mixtures,
design and use of cutting tools;
operation and maintenance, quality
metaluorking operatinas, efc.
taborateries aad in-plant <cratning

Zapnraz Steel

Zaparozhe

Ukrainian Soviel Jocialist
Republic

Lumumba University
Moscow

Univn of Sowiel Socialisr
Republics

control and ecoansics of

Practical studies in

in mataivorking.

(13 to 19 big machine-producing factories.})

Theoretical introduction om
product design, trol design,
production engineering and
manufacturing of prototype
products and tools.

Eagineering and industrial
Design Developmenr tCentre
Cairo
Egypt

Practical study assignments in desixn offices and
laboratories for retallurgical testing and/or workshops.

Techrology and equipment for
clectric fusion, resistsnce,
welding processes, modern weld-
ing, &rc power resources,

welliog materi ind structures,
consCructive rec..vclogicsl
designing of welded material etc.

nanufacturing electric welding equipment, mrtaluoreiny 1nlustey

as well as la“~ratories.

The programss corcentrates on
technical aspezts of cement
industry and includes technical
subjects such as tessibility
studies, raw materials, produc—

E.O. Paton Electric
Welding Institute

Xiev

Ukrainian Soviet Socialist
Republic

In-plant tratning n plancs

Cemenl Reseasch and
Development Centre
Ankara
Turkey

rion wmanagement technologies, quality control, maintenance,

rrergy conservation, poliution and

The training programme will cover
the fsrlloving topics: the design
of modern foundry processes
fincluding economic and technical
aspects); foundry materials,
melting and casting technolo-
yire, pattern-making practice,
moulding saterials and moulding
terhnolagy, mechanizafion and
automation of foundry processes,
quality control and repair of
casrings, envirommearal protec-
tion including noise control

pollution control.

Foundry Research InsCitute
Krakdw
Polaad

and other safety and pollution probdblems.

Theury in fechnological procers
ol equipment, economic planning,
managrment , maintenance. In-
plant training in foundry,
sinCering plant, open hearth
plant, relling mills,

refrac nry matatenance.

Zaporozh-5Steel

Zaporozhe

Ukrainien Soviel Socialist
Republic

3%/02-
2y/as

Sfepruary/

TN

Ul
visa’

April/
Moy

May/ June

10,70y
FATARS

laterzegional

Progsamme

English

Interregtonal
Programme

English

lnierregionsl
PIORTImme

faglish

Interregianal
pragearme

English

Interre,, . “nai
frRURTATme

anglesh

aterregional
Progranme

Enplich

Intecregional
proyT anme

Englisih

metatlucgical,
electzical or mechanical
cogineering degree and

chenatcal,

directls engaged in ore ot
the proaduction aclitvilies.
Techaical fields of trom aald
steel industry. Prastucsl
etperience should nol excesr
ttee years.

A degree i mechamical
engineering wor equivalent:
wECi 2 ledast Turee yoaTr ol
practical experiency i a
Supervisory of managerial
capsciiy on zmetalworkeny,,
pazlicuiariy sacaine tao.
=g, =Inu-
SHAUC e il

aperatisns, plam

facture and wain

Teparr.

Drgree in mechanical
engineering or eagineerinp
degree with at least

three years of
experience.

A university degree {(or
equivalont) in electricai

st mechanical engineering
with &t ieast Chrre yracs of
practical experience related
to electric welding.

Degree 1u chemical, meci-
anscal, elecerical or
relevant branch of engiueer-
ing; one Lo five years o
practical expetience snd
employed with cement
industry.

UDegree in toundry or
metallurgy (or equiva-

lent) with st least two
years practical experi-

ence (preferably in & super-
visory position) ia ar least
one of the following firlds:
-sulding sands, moulding
technologies, meiting techno-
logies, pattern-makiag
practice, casting technolo-
gies, mechanization andg

au onatization of foundry
pro-esses, quality control.

Metallurgicsl, chemical,
mechanical engineering degree
and directly engaged in one
ot the produclion acIivilier.
Tecnnical tielde of iron and
steel industcy., Practical
erpriienie minleue Chrer
years.
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CUIDE TU TRAINING OPPCRTUNITIES OFFERED BY URIL IN 1987 (continued)

Field ot study Ceneral descrir .un Venue and host institutiva Outation Laaguage ‘Jualttizations
Measurements and Participants will be able to lastitute for Developing Sept. tatezcegional Managecs and/og cawil
tests in civil apply various measarement eethods Countries 1 ween seminac engineers with a universily
engineering and instruments in testing and Zagreb, Yugoslavia desree in sechan:ical,
quality control in civil in co-vperstion with the English electrical or other branch of
engineering; tn lactures, case Ianternational Measurement eagineeriny, or in physics;
studies, and vorkshops the Confederation practical experience and
following main topics will be respoasibility in the civil
- dealt with: objectives of engineering sector.
routine testing and measurement
in civi! enginerring research; mearurement methods and techniques;
selected applications; organization of laboraturies, training of staff.
- Iron and steel The analysis and selection Eregii Iron and Steel Plamt September/ Interregional University degree in
industry of rav materiais, appropriate Eregli November progr asme chemistry, metallurgy,
processes and technologies Turkey mechanical or electrical
for iron and steel produc- English engincering (or equivalent)

tion; hot and cold rolling
aill aperations; quality control and testing;

organization and managemcant of steel plant waintenances.

with one fo five years
practical experience and
holding supervisory function.

TRAL? [N¢C OPPORTUNITIES QFFERED BY INSTITUTIONS OTHER THAN UNIDO IN 1987

Commencing QQualificatioas; Last date tor
date; Language teceipt ¢l

Course or seminar General description Organizer; Venue Duration Tequiremnnts applicactons Fee

Anflisis de Introdaccion al andlisis de fallas de Direccibn General de Mayo o Protesionaies - $us 200

fallas de materiales metdlicos. Estudio del Asesoraniento Técnico junin jbvenes o técaicos

mateciales origen de fallas y clasificacitn de las Salts 2752 - 2000 7 semanas  con experiencia
mismas. Estudis de casos prictico: con el Rosario - Argentina Espattol
rzplec de equipos cientfficos modernos.

Quality control Classroom work, discussions, group work The Jutland June 1987 Engineers and J mouths To be
and visits to firms, to give participants Technological 3 weeks managerial staff prior to acranged
an insight into the commonest methods Institute of developing starc of
for process and sampling control. Quality Control countries who course
Further it will be possible to see the Section supervise
mezhods used in production firms. Teknologiparken quality control,

8000 Aarhus C production contral ar factory management
Denmark English

Qualicé et Donner une solide formation 2 la Institur rarional 15.02.88 Ingénirur et 2 mois FF 20,475

fiahilité "qualité” 3 des ingénieurs pour les des sciences appliquées au technicien sup-r. avant
spécialiser, grice aux techaiques de Lyon 14.05.88 Frangais début du
informatiques les plus récentes. Formation continue stage

Bit.: 601

20, avenue Albert
Eiastein

69621 Villeurbanne
Cedex France

Total qualicy The concept and principles of TQC: Asisn Productivity To be Yuality control 3 sonths $Us (WO

control functions, organizalion and systems of Organization decided ganagera/ensineers  belore pec partis-
TRC acrivities, q.ality policy planning b-14 Akasaka 4 weeks id industry and commencement  CLPSRL LTom
and management, canpower development, 8-chome technical consult- profit-making
education in awareness, information Minsto-ku ants ot national ofganizations
analysis and data collection, producc Tokyo productivily
desipgn and development; QCC activities, Japan 107 ofganizations, elc.
characteristic features, rules and Venue: Japan of APO member
pitfalls, TNC activities in different cnuntries
industries. English

Stariatical The emphasis is devoted to the development International Centre i2 January Bachelor degrae ) months t.7,000

quality control, and applications of various staristical for Quality and 24 August  ~rt equivalrnl and  hefore

a romputer- taols underlying the modern methads of Management Sciences 1987 and experience in commenc 1ng

oriented approach controlling the quality of goods and P.0. Box 2N82 11 January quality control date
services at an early stage of the produc-  30CO CB Rotterdan 22 August  or a relatrd
tion cycle and shoving how the calculations Netherisnds 1988 discipline
can be made by computer. Topics covered ? months English

fhe nature and

in the course inciude;

impact of the computer, flow diagrame for statisfical analysis, probability and provability distriburions, sampling theory snd
frchniques, tests of significance, contrnl charts, experimental design an! regression and correiation anaiysis.




TRAINING CPPURTUNITIES OFFERED BY INSTITUTIONS OTHER THAN UNIDO IN 1987 (comtinued)

Commencing Qualifications; Last daze tor

date; Language receipt of

Course or seminar Ceneral description Organizer; Venur Duracion requirements applicacions  Fee
Total The course is divided into three parts: International Centce 12 January Bachelor degree - £.13,900
quality coatrol 1. Theoretical; dealiag with the basic for fuality and and or equivaleat and

concepts, quality specificalions, organi- Management Sciences 24 Aagust  experience in

zation, policy, slanning and mutivation, P.0. Box 2032 1987 and quality coatrol

economics of quality, customer service, 3000 CB Rotterdam Il Jaauary or a celated

inspection and sampling, process capa- Netherilands and drscipline

bility, auditing, veliadility aad quality 22 August  English

improvement. Statistical tools in quality 1983

coantrol and scandardization are given 4 months

special attentioen. 2. Practical]

conducted tn factories, offices ur iustitules coacermed with quality control. ). Ceneral; speat ou transzissioa ob

Quality systems
installation,
auditing and
improvement

Applied practical

quality control
inspection and
wetrology for
mechanical
engineering

Metallurgical
quality control

Pipariil
inspection

Nondestructive
testing

Guality control
procedures

knowledge, studying topics of special i1aterest and wisits o iadusecial plancs.

Various types of control systems ate dis-

International Centre 12 Jjanuary Bachelor degree or 3 moaths £.3,00u
cussed incluling the organization schemes for Quality and 24 August equivalent and ex- Detore
and cost-reporting methods that go with Managesent Sciences 1987 and perience in quali- commencing
each type. For existing quality coatvol P.O. Box 062 Il Januacry ty coatzol or a date
systems, the seminar shows systematic 3000 CB Rotterdam 22 August related discipliine.
methods of auditing and improviag the Ketherlands 1988 Eaglish
system to make it work moce efficiently, 6 wveeks

Rence economically.

Topics dealt
wvith include:

quality control functions, types of quality control systems, organization for yuality assurance, introducing a
quality control system, setting-up for inspection, sampling plans and their use, analysing a quality system, quality systems
auditing, quality motivation and improvement programmes and quality requirements for export to industrial countries.

Theoretical and practical areas of quslity SWEDEC Intermational AB 19 October Protessional 15 March (987 $US 4,200
control, inspection and cGimensional Riddargatan 37 1987 qualificacions (may 1986
wetrology- S-114 37 Stockholm 6 veeks English exchange
Swveden race)
(can slso be conducted
on customers’ premises)
Concepts of specifications standards and Ercoli Iron and Steel September  Engl:ish - -
quality, purchasing orders and their Planc 1987
prepacation, determinstion of tolerances, Ercoli September 1y08
raw material specifications, ladle Turkey 12 veeks

metallurgy, deferrs of would ingots and

their causes, deiects of concast slab and their causes, detersinstion of hol and cold roliing aill quality control conaitions,
sample preparation, X-ray examianarion and photography, evalustion of customer complaints, stock yard quality coarcol.

Studies in specifications, codes and Inspectorate - Unit March and Ejuivalent ot 1 =month 60 per
standards; visual and dimensional ingpection November GCE 0" level betore start  wan/week
inspection; welding technology; basic Sketty Hall 6 months in Mathematics, of course
metallurgy; hest treatment; welding Sketty Psrk Road or by and Physics/
codes; weld defects; destructive and Svanses SA2 6QE arrangeme: . Cenersl Science
nondestructive testing; quality assurance United Kingdow
and evaluation; quality control. Inspectorste - Unit

Inspection, P.O. Box &3

Portrack Lane

Stockton-on~Tees

Cleveland TSI8 2pPP

United Kingdom
Theoretical and practical crainiag in Inspectorate - Unit January, Equivalent ot I month L1680 per
ultrasonic, radiographic, penstrant and Inspection July and GCE "0" level hefore starct man/wveek
magnetic particle testing meChods and Sketty Hall Septemder in Mathematics, 2t course
welding inspection. (A1l subjects or any Sketty Park Road or by and Physics/
individual subjects may he Ctaken.) Swansea SAl1 BGE arrangement Ceneral Scienve

United Kingdom 2-12 montns

Inspectorste - Unit

Inspection, P.0. Box 49

Portrack Lane, Stockton-on-Tees

Cleveland TSI8 2PP, United Kingdom
Theoretical and practical traiming in Inspectorate - Unit March and  Equivalent of 1 montn Ltin0 pec
quality assurance, quality eveluation Inspection September  CCE 0" level belure sCast man/wees
and contrnl, statutory inspection, Sketty Hall or by in Malhematics, a2 course
nordestructive testing and welding Sketty Park Road arrengement and Physics/

inspection. Swanses SA2? BQE

United Kingdom
Iaspectorate - Unit
lnspection, P.O. Box A5
Portrack Lane

1-17 months Ceneral Scirene

Stockton-on-Tees
Cleveland TS1B 299
liniced Kingdom




- a3 -

TRALNING UPPORTUNITIES OFFEKED BY INSTITUTIONS OTMER THAN UNIDU IN 19387 (coatinued)

Commencing Qualiticativas; Las yate fur
date; Language Tecerpt vl
Course o zeminar Ceaeral Jdescription Organizer; Veaue Ducgation requitemcat s applacations Fev

Qualicy Quality survey and relatwd rrainiag Metoon Training Throughout English - -
assurance activities desgined Lo meel British 14 Pall mali the year
Standard B.5.9750. London
United Kinglom
. Qualicy control Advanced materials: investigative methods Dept. »f Pure and To be Protessivnal To be To be
for surface analysis, L.R. spectrascopy, Applied Chemiscry arranged quatifications arcanged arcanged
electrical and electronic pruperties, Universily of Bormally or Jdegree
teasile and dynamic mechanical testing, Strathclyde 3 wonths
tluid rheology, polywrrs, compusites and Clasgow C1 1XL to one year
- a-t3llic matecials. Uanited Kingdm
Cent ol de Tecralogfa del contiol estadisti o de Irstituto Uruguayo 2 de junio traduados en 14 de mayo $us 30
calidad 1 1a calidal. de Norwas Técnicas 3 de ingenierfa o 29 d» agusto  $US WO
San Jos& 1029 P.7 septiembre técaicos con
Moatevideo 4 semanss  experiencia
Uruguay Espaltal
“ontrol de Herramientas estadfsticas, cospleseatariss [Instituto Uruguayo 5 de Graduados ex 30 Jde octubre $US Llu
calidad TI a las del Curso I. de Normas Tkcmicas noviembre ingeniecfa o
y métodos San Josk 1029 P.7 4 semanas técnicos cam
estadlsticos Moatevideo experiencia

Uruguay ¥spadel

OTHER THAINING OPPORTUNITLIES AND SHORT COURSES

Commencing flsalifications; Last date for
date; Language reczipt of
Course or seminar CUen-ral description Ocganizer; Veaue Duration requiremnnts applications Fee
lron and stee! Short courses on: technology of iron and  Voest-Alpine Throughout  Professional To be AS 23,630~
industry steelmaking (levels [, [l and III}; Industrial Services year qualifications. arranged 25,250
production and maintenance in steelmaking Corp. Ltd. 1 week Eaglish including
shops, including continunus cascing; Kremplscr. 5 lunch and
=aintenance management; quality control F.0. Box 2 in-plant
in steelmaking and rolling; material A-4020 Linz transpoct
management; erlectro-mechanical Austria
maintenance in rolling miils; romputer
applications; financial management;
energy conservation concepls.
Industrias Cussos en: ensayos no destructivos, CESMEC Lrtda. A definic Educacidn - $Us Su0
mecdnicas insprccifn y control odr calidad de Av. Marathon 2595 1 gemanas secondaria
soldadura, metrologfa industrial. Santiago, Chile
Contrile Cours sur : initiation 3 l'analyse de 1a AFNOR (Association Toute Yualitications - A Einer
industriel et valeur; 1a normalisation J'entreprise; frangaise de i’ sanée professionnelles.
qualicté, norma- comwent améliorer l'efficacité de ls normalisation) 1 jours - Frangais
lisstion et maintenance; 1a gestion des rechangrs; Tout Europe Cedex | semaine
analyse de 1a la conduite des projecs infurmatiques; F-920RG Pacris La Défense
valeur le contrat de msintenance; cancepts de France
qualité; Ia qualité A la production; en collaboration aves AFCIQ, AUASUK et AFAU

1a qualité aux études et au marketing:

formation d 1'audit qualité; la micro-intormatinue au service du contrdle qualité; les services qualité des entreprises et les
ingiciels; analyse de la valeur; motivation 3 la qualité; qualité aux approvisionnements; comprendre la normalisation USI;
comment optimiser la codificativn dans 1'entreprise; méthodes pour £tablir ls documenration technique d’exploitation et de
maintenance; comment maftriser la disponibilicé des Equipements dds la conceptinn; la conception pour un coit objectif - CCO;
apprendre 3 maftriser les colts de la qualité; autn contrble; manuel qualit? et procédures.

Production Courses on: foundsy technolopy; Fulmer Research To be Protessional - £2,000-
engineering industrial metallurgy; materials Institute Ltd. arcanged qualifications, 3,000
srlrction for design enginerrs; 5¢oke Poges 1-6 English per month
analytic.l procedures for testing Slough SL2 4QD sonths
Iabararories; investigatinn nf the United Kingdom

failure of metallic compnnents and

structures; design, construction and maintenance of precision eagineering equipment; praduct design for injection moulded

plastic parts; bhasic draving techniques; Irsfing of plastics and other polymers; analytical procedures for festing

Iaboratnries - plastics; specislized product derizn; injection mould design; operation of injection moulds for plastics.




OTHER TRAINING QPPORTUNITIES AND SHOR: OQNRSES {(coatinwsd)

Coermenstag  Uwalificatioas;

Last dace tor

daze; Ln, s3g¢ tecerpt 9f

Caurse ur seminar Ceneral description Urganizer; Venue Duzatioa Tejziteaents applicaz fee
Qualicy Regular and comprehensive programme ot The [cstitule of Throughos: Prafessisaal - Ta be
assurance short courses on all subjects relating Quality Assurance year qualiticativas azranged
and celated to quality assurance. They iaclude 33 Princes Late 1-9 days Engliss
subjects statistical quality control, metrolegy, Exhibictoa Road

Qquality costing, reliability engineeriag, Lomion SW7 2Pu

quality in design, the quality of sofc- Vaited Kingdom

vare, Cest amd iaspection, QA amd process

control in the process iadustries, system management af speciiication wrifiag, prevention of husman czrur, aad owerall quality

managenent -
Construction The seainar will cover all types of lnstitution of o-8 Apexl Eagluisa ® Raren 9ol tlla » VAT

structural assessmenc from Cesting models  Stractural Eagineers iy87

ar large scale am! monitoring behaviour laformal Study Croup

of full scale structures: large scale Building Research

tesling; protolype and proof testing; Escabdlishmenc

structural performance of redundant Carstoa )

structures Juring demalition, dismantling Wacford WD2 7JR

and decomissioning; criteria for United Kingdom

assessment of physical Jdata and

interpretation of testing dats for the desigrer includiag Lisdility and aciuracy measuremeats.
Automat ion Short courses on: ®micrecomputer systee Mev Techanlogies Sectinm Througheut - - pesl

design; cosputer aided engineering; Faculty of Technology year

computer sided design and draughZing; Xene College 1% hours

introduction to microprocessors; St. Georges Avenue

advenced 16 bit microprocessors; Kogrthampton

digital signal processing: Cfibre optics; United Kingdom

test equipment in electronic sad

microelectronic servicing; microcomputer interfacing; programmadle logic controller projects.
Maintenance and Short courses on: indystrial maintensnce; PERA Training Throughout Professional - 10 ae
repair, qualicy quslity control, qualily assurance. Melton Mowbray ¥ear experience or arfanged
control Leicestershire LELY OPR 3-5 days qualifications

United Kingdom Eaglish

fNuality assutrance This short course is designed to provide Scottish School of o modules Proiessional - €50 per

engineers, techuologists and management Non-Destructive Testing and 2 qualifications aodule

with an up—to-dste sppraisal of quslity Paisley College sympusia kaglish €7 per

assurance and covers: cconomic, High Street between sympusive

communication and planniag elements of QA; Paisley PALl IBE Septeaber

statistical comncepts, quality comtrol Scotland 1980 and June 1938

charts, QA and the consumer. QA testC Uaited Kingdom 1 day each

procedures prior Lo, during and after

manufacture; specification interpretation; Craining and certification of QA personnel; relisbility case studies; the uA

manual production liability.
Qualicy The primary purpose of this course is to Scottish School of 3 Degree science of | September £1,180
eagineering equip the student for a career in quality Non-Destructive Testing September engineering 19387

engineering and o consider the techaical Psisley College 1947 English

and management factors involved in High Sctreet 6 months

prescriring reslistic quality programmes, Paisley PAl IBE

quality systems and quslity levels and Scotland

the assurance of product quality; the United Kingdom

principles and practice of non-destructive

testing methods; those sspects of electr.nics and i1nsCrumentstion that are relevant to quality enginesring with NOT.
Quality The mansgement of quality with the Scottish School of 2ay 1937 Professionsl 5 Mas 1987 t 5w
practice utilization of information technology; Non-Destructive Testing and 1988 qualifications 9 My 1984

the interpretation and use of international Paisley College English

standards and the criteria for scceptance ¥Wigh Street

levels rvanging frow general to high Paisley PAL 2BE

quality requiremencs. United Kingdom
Practical Practical vork building and testing analog Deparcment ot Pure - Faowledge - Appron.
electronics and digital electronic circnits including and Applied Physics of Ohms law £2%

ampiifiers for various transducers, signal UMIST Eaglish or French

processing civcuits and some binary snd Manchester MO0 100

control techniques. Participsnts work United Kingdom

individusily.
Control de Cerculos de la calidad, Instituto Vrugua o 2R de Cerentes y 21 de $us 110
calidad de Nyrmas Thenicas octubse téenicos nctubre

San Jost 1019 P.7 h dfas Espafiol

Montevideo
Uruguay




This following article was prepsred by UNIDO's
Institutional Infrastructure Branch:

UNIDO's technical assistance in the field of quality
control, standardizatioan and metrology prograsme

Ob jectives, main characteristics and approach

Since its creation, UXIDO has considered the
establish , develop and strengthening of
quality control, stsndéardization and metrology
sctivities in developing countries at the industrial
plant, at the national, regional and internatioaal
levels, as a basic requirement and vital factor for
their industrial development.

On the basis of UNIDO's experience and the
ever-increasing emphasis being placed on greater
quality, reliabtlity, safety and performance of
goods, products and services locally produced,
imported or exported, it sppears evident that the
major objective is the development and management of
quality, the yltimate six being to fu-.her and
continucusly raise and improve the quality of life,
at 21l levels of development.

ggalitv'coutrol can be wost effective in:

i (a) Improving the quslity of products,
tncluding product life, reliability and safety;

(b) Raising the productivity of manufacturing
processes;

(c) Reducing manufacturing and other costs;

(d) Achieving timely deliveries and thezeby
greater marketsbility of products and services;

(e) Facilitating exchange of goods and exports
of goods and services from the developing countries;

(£) Ilmproving health and living conditions and
scandards.

Another important factor which is giving this
necessity sa even grester importance, in the field of
international trasde, is rhe entry into force, in
January 1984 of the GATT 'Agreement on Technical
Barriers to Trade' slso called °Standards Code’ which
imposes on zountries which sign snd ratify this
Agreement, a number of obligations in terms of
quality control, certification marking and standards.

The development - and improvement - of quality
through quality control, quality assurance,
certification marking, laboratory acereditation,
measurement and testing, cannot be fulfilled properly
without at least two elements:

(a) Standardization, the availability of
adequste standards and specification on one hand and

(b) Metrolo the availadility of precise and
continuounT}'cFe:Ee&. repaired, msintsined and

calibreted measuring instruments and equipment.

In certain cases a third element is needed,
namely industrial resesrch snd development when aimed
at improving cthe quality of goods snd products. In
line vith the generally sccepted snd UNIDO-promoted
integrated spprosch to quslity control,
stendsrdizstion and metrology, UNIDO tries to ensure
that in the elsborscion, formulation and execution of
technical co-operstion projects the sbove three
components together vith industrial rese.rch end
development, vherever necessary, sre fully integrated
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ar a2 least fully co-ordinated. =hen projects cover
ane of these elemeats, the other two are takea intd
full coansideration to the greaZes:t possible exteat.

The contribution of standardization to
industrial \development is highly significant
especially 3a developing countries. Standarés give
the seal of general a:ceptance of goods in addition
to easuring optimum quality and facilitatioa
tcchnology transfer, standardizatioa activities
coatribute to the overall economy of a coumCry
through cost reduction by mass production,
interchangeability aad ratioaslization and effective
utilization of resources brought about by import
substitution, utilization of indigemous resources,
conservation of essential and scarce materials and
reduction of wvaste materials. It is therefare
evident that the role of standardizatioa in the
oversil development of a country is so important that
there is a great need for the establishmenc of
national scandards bodies (NSB} in all developing
countries to effect its benefits. These national
standards bodies can play ar importaat rale in
setting nationai standards and by ensuring that these
standards are implemented ia order to assure the
production of quality goods for local and 2xport
rarkets. Through co-operation and collaboratien with
standards bodies ir other developing or developed
countries, these national standards bodies could
promote participation in intermational
standardization activities.

Metrology covers the vhole Zield of measurement,
measuring instruments and equipment, their comtrol,
repair, saintenance and calibration, including the
upkeep of hich-precision reference staandards
(national and internationsl) of the various units of
measurement (length, mass, volume, time, temperature,
electrical, etc.). Its role in imdustrial
development is well recognized by the devcloping
vorld. Ko scientific, technical and technological
advances vhich affect industry sad trade ciuld be
achieved vithout a suitable system of messurement
tracesble in terws of precision levels to the
internationally recognized primary reference
standards. The quality of industrial production
depends on the better definition and accuracy of
messurements.

A well-organized natisnal metrology system
providing the necessary accuracy of measuring
instruments and measurement systems is also necessary
in the following fields: plaaning of the national
economy, account of material wealth, mutual trade
balaancing, estimation of qualily production,
ad justment and maintenance of technological
proces<es, scientific researches, product
interchangeability, safety and hygierne of lsbour,
disease diagnostics, preparation 5f medicines and
medical treatwent, et-.

The existence of an infrastructure cf applied,
industrial metrology together with full provision for
legal metrology (veights and messures as utilized
mainly in trade and commerce) is a basic requirement
far the development of quality and s:indardization,
for without it the preparation and application of
appropriate standards lesding to a dbetter qualicy,
reliability and saferty of industrial goods and
products would not be possible.

Operational asctivities

The progrsmme in quslity control,
standsrdizacion and metrology covers che
establishment, orgsnizstion, operation snd
development of the required institutional, legal,



lechaical, mamagement and administrative
iafrastructure required for quality comtrel, qualizy
assurance, standardization, certification marking,
testing labaorataries, laYoratory accredization, and
zetrclogy.

Some projects cover the establishmeat,
organization and operation of a Xatioanal Stamdards
Body (XS8), for iastance, by providing additional
testing ladoratories and facilities. Ochers
concern the estadlishment and operation of gquality
certification marking schemes, vhich are often
zandatery, e.g. vhen covering goods and products
iatended for expor:. Projects this category
uszally taclude the establishment of new
specialized testing laboratories, or the
srganization of a retwork iinking existing
ladoratories.

TXIIO projects may also cover assistince in The
preparatios of natisnal standards through the
eszablishment of specialized techmical commitiees :n
industrial sectors according to particular priorities
3f the country covered.

Ia some couniries, particularly where a varterly
of institutions, vrgantzations amd laberatories
alceady exist, the project’s nbjectives will be to
Tink the activities of such iastitutions ir a netwirk
or national system aimed at the development aad
implementation of natiocal policies :in
standardization, quality control, certification
=arking, and metrology. Such systems or network
aprosch also easures 3 Setter and more tational
ctilization of national firancial, techrological and
tuman resources and capabilities.

Projects concerned with metrology involve the
establishmeat of rational wetrology services
including the necessary laborstories providing the
aational primary, secondary and working-level
refereance standards. The national metrology system
and the laboratories should also cover the needs of
industrial plants in reference standards, instrument
repair and maintenance as well as calibratior
services. The sizplest example in the fieid of
metralogy is the establishzent of ceatral and
tegional offices of weights and measures, which every
Zswntry, even those in the early stages of 1adustrial
levelopmeant, must have. Techrical co-operat:ion
projects in metrology may also assist in the
conversion of 3 country’s measurement sysliex (o Ine
aniric system.

There are also projects aimesd 3t the
~szablishaear and operaZion of a regicnal
srandardization orzanizatisn as well as at organizing
and develnping the jparticipation of feveloping
“Aaualries in rezicnal, interregional and
internatinnal activities in quality control,
certification marking, standardization and
aezealagy. In a fev cases UNIDO provides advice and
assistance to enable developing countries to adrere
and sign the GATT Agreement on Technical Barriers to
Trade ?by fulfilling its vequirements). In effect
these contribute tovard improving the country’s
international trade baiance.

The majority of the technical co-operation
projects executed by UNIDO in the f{i1elds of quality
zontrol, standardization and wmetrolingy are
farge-scale projects with durations from two to
five years or even longer, when follow-up phases
are required., Among the biggest and most

characteristic ones, the follnwing projects can be
listed:

Project

auzder Project title Souxity

3?/B3ASS82/020 Metrology, staadardizaliva aad Braz:l
iedustrial g=alicy

D2/CPR/85/010 Assistance in developmeat azd  People’s

application of precise I¢ and
AC electric guaalizy of <
measuremen: techaiques

J2/CPR/85/025 Centre for the fechnique People’s
developawat cf dimeasional Sepudiis
easuriag instrumeats and of
=achttes

IPETHI 3,008 Xational Metzolegr centte S

DP/SAU/83. 008 Technical advisory service o Sazda
the Saudt Aradran Jtandards ATASIA
Jdrgantization (SA807

32, VIES A/ 00, Sational lJexire oI Metro.o.w Jiel Mam

Following ts a list of cCenlres foing aalerzals
testiag or research on guaiily cankral.

AESTRALLIA

ITPARTMENT OF DEFINCE, JOINT TRPLIAL TRIALL
RESEARCH ESTABLISRMENT
G.P.O. Box 638, Inzisfail, Queensianl

This establishoent carries oul studies into the
various tropical eavironmeal= and their iaflueace oo
the perfornance of materials and equipment.
research activities include: the evaluarior,
varieus tropical envirenments, of new developmenIs :in
a wide variery of materials including polywmers,
adhesives, composites, rubhers and allovs; che stuldy
of tropical environments and speciftc environzenlal
parameters responsible for degradation 3¢ specific
aaterials.

YATERIALS TESTING LASCRATLRY
S1 Bouue 30ad, alexandria, New Souls waies

The ladoratory provides a zoasultast aad
Iavestigatory service in ateas uf noa-desirucl:
iaspection, pavsical metallurgy, corrusion ang
aschanical testing.

MATERIALS ENCINEERING DEDARTMENT
sellington Roai, Clayton, Victoria 3Ind

Research 1nto mechanical, manufacturiag,
electrical and magnetic properties of metals (molanlr
aluainice allove and steels), polvmers, ceramics, and
¢ibre-strengthened ¢ mposites, corrosion and
nalerials protection,

CHINA, PEOPLE’S REPUBLIL OF

INCTITUTE OF METALS RESEARCH
2-6 Wenhua Road, Shenvang, Liasning Province

metals
materials

Rescarch on steels and ferrous metals;
science and testing: non-ferrous aelals;
for aerospace and anuclear reactor engineering.

JAPAN
PATERIALS BEHAVIOUR LARORATORY

gchime University (Rthime Daigawu),
Shigenobu-cho, Unsen-zun Ehime 79}




Curreat research includes: streagth of metals
in Righ temperature vacuum; simple methods of
estim.®ing stress and strain at notch rout;
detormational strength of welded metals; strength of
structures made of paper.

MATERIALS SCIENMCE AXD ENCINEERING LABORATORY
Ecthime University (Ethime Daigaku),
Shigenobu~-cho, Onsen-gun Ehime 791

Current research includes: microscopic aspects
of fracture in engineering materials; fatigue
rechanisms of metallic materials; fatigue behaviour
of engineering plastics.

METALS AND ALLOYS LABORATORY
Ethime University (Ethime Daigaku),
Shigenodbu-cho, Onsen-gun Ehime 791

STRENGTH OF MATERIALS LABORATORY
Ethime University (Echime Daigaku),
Shigenobu—cho, Onsen—gua thime 791

Siangular stresses around cracks in composite
materials; mechanical properties at high rates of
strain.

ELECTROTECHNICAL LABORATORY
-3, Umesono l-chome, Sakura-Mura,
Wihari-gun 305, Ibaraki-ken

Research in the following areas: industrial
standardization and related testing technology;
nev materisls, electronics, space development
technology, etc.

i.e.

FURCKAWA ELECTRIC COMPANY LIMITED, CENTRAL
RESEARCR LABORATORY
9-15, Futsbas 2-chowe, Shinagaws, Tokyo 142

Research in optical fibres, semiconductors,
metals and alioys, plactic fabrication, etc., and
msaterisls testing.

INSTITUTE OF SCIENTIFIC AYD INDUSTRIAL RESEARCH
Suita Campus, Mihogaoka Ibaraki-shi, Osaka
University, Osaka

Materisls analysis centre.

XYOTO PREFECTURAL UNIVERSITY
1 Hangi-cho, Shimogams, Sakyo-ku, Kyoto
DEPARTMENT OF ENGINEERING SCIENCE

Departmant conducts research in mechanical
behaviour of materisls and materials science.

INDONESTA

LEMBAGA FISIKA NASIONAL, NATIONAL INSTITUTE FOR
PHYSICS LFN-LIPI
J1. Cisitu, Bandung, Jawa Barat

Research and developsent and the provision of
scientific and technical services in the field of
materisl science and materisl applications in
technology.

THE PHILIPPINES
MATERIALS SCIENCE RESEARCH INSTITUTE

Genecsl Sentos Avenue, Bicutan, Taguig,
Hetro Manila

Research on matecrials know-hov in the field of
metals, ceramics and plestics.

TAINAN, REPUBLIC OF CHIKA

MATERIALS RESEARCH LABORATORIES
195-5 Chung Hsing Road, Section &, Chutung Chen,
Hsingchu Hsien

Research in metals, polymers, ceramics,
corrosion and materials characterization,
high-strength alloy steels, cardon fibre, composite
saterials, non-destructive testing.

THALLAND

KING MONCKUT'S INSTITUTE OF TECHNOLOGY, THONSURL
FACULTY OF ENGIKEERING

Suksavat 48 Road, Bangmod Rasburana,

Bangkok 10140

Testing and certification, design, research and
development and general services in the field of
chemical engineering; testing for physical
properties and chemical composition of merals, iron,
steel, etc.

(Source: Pacific_ Research Certres, published by
Longman Group Ltd. UK, &th floor, Westgare House,
The High, Harlow, Essex, CM20 INE, UK.

ISEN 0-582-90028-X, 1986)

List of more centres dealing specifically with
matecials testing: (Source: International Research
Center's Directory 1986-1987, ISBN 0-8103-06470-8)

ARCENTINA

INTI CENTRE FOR MATERLALS RESEARCH

(Ceatre de Investigacidn de Materiales - CIM)
Faculty of Engineering

Ciudad Universitaria, Casillo de Correo 884
5000 Cordoba

Centre conducts applied research and provides
technical assistance to industry in the field of
materials science. Activities include: techaical
analysis, mechsnical, metallographic, and
non-destructive testing.

VAN WYK CENTRE FOR RESEARCH AND DEVELOPMENT
Berutti y Rio Bamba, 2000 Rosario

Centre conducts a research and development
programme in materis: technology and structural
analysis. Fields of research interest include
wetallurgy and material testing.

AUSTRIA

INSTITUTE OF MATERIALS AND MATERIAL TESTING
Kar.splatz 13, A-1040 Vienna

Inscitute's activities include research and
teaching in the areas of materials science.

LABORATORY FOR PLASTICS TECHNCLNGY
Wexstrasse 19-23, A-1200 Vienna

Laborstory is a research, development and
training centre. Research is concerned with the
processing, testing, and applicstion of plastics.

OEF2S DEPARTMENT OF MATERIALS TECHNOLOGY
Austrian Research Centre Seibersdorf,
A-2644 Seibersdorf

Principal ficlds of interest include technology
development, materials resesrch, materisls testing.




BAHRAIN

MATERIALS TESTING AND RESEARCH SZCTION
P.0. Box 5, Manama

Section's primary function is quality control of
civil and building works. Activities also include
research into materials performance.

GERMANY, FEDERAL REPUBLIC OF

FEDERAL INSTITUTE TOR MATERIALS TESTING
Unter den Eichen 87, D-1000 Berlin 45

Institute's research prograsme is concerned with
material and construction, materials analysis and
cascing.

FRAUNHOFER INSTITUTE FOR NON-DESTRUCTIVE TESTING
METHODS
Universitit Building 37, D-6600 Saarbriicken Il

Iastitute conducts industrial and
governneant-sponsored research and development
projects on non-destructive testing methods for
materials.

FRAUNHOFER INSTITUTE FOR SILICATE RESEARCH
Neunerplatz 2, D-8700 Wurzburg

Institute is concerned with: research,
developmeat, and improvement of non-metallic
inorganic materisls (glass, ceramic, cement, ete.)
and their technologies; behaviour of the materials
during praduction and application.

INSTITUTE FOR PLASTIC PROCESSING IN INDUSTRY AND
CRAFT
Pontstrasse 49, D-5100 Aachen

Institute is concerned with: :iuproving
equipment technology of the testirg and productiom
processes.

SWEDEN

NATIONAL SWEDISH AUTHORITY FOR TESTING,
INSPECTION AND METROLOGY
Brinellgatan 4, P.0O. Box 857501, 15 Boras 1

Authoricy is the ceatral orgzanization for
nfiicial testing and inspection, including generai
ant legal! metrology. Activities include the tescing
1€ materials and construction. Authority comprises
research departnents for building techaology and
nechanics, chemistry, a centre for testirng.

3WITZZRLAND
SWISS FEDERAL LABORATORIES FOR MATERTALS TESTING
AND RESEARCH
tieherlandstrasse 129, CH-8600 Dibendorf
Research, development and testing of materials.
UNITED KINGDOM
NPL DIVISION OF MATERIALS APPLICATIONS
c¢/o National Physical Laboratory, Teddington,
Middlesex TWIl OLW
Materisls-processing technology, engineering

ceramics, materials testin; and quality of pnlymeric
and composite materials.

FULMER RESFARCH INSTITUTE, LTD,
Hollybish Hill, Stoke Poges, Slough, Berkshire
S1.2 40D

IS

o

Institute’s facilities and expertise cover all
aspects of research, development, design, testing and
evaluation of metals and advanced engineering materidls.

and FULMER TECHNICAL SERVICES
(address as above)
(Division of Fulmer Kesearch Iastitute)

Provides testing and comsultation services to
industry and commerce on uses of engineering
materials, particularly metals and advanced
composites. Its activities include: mechanical
:esting, unal,%is of materials, surface analysis,
corrosion testing.

Standardization
BANGLADESH

BCSIR LABORATORIES, DACCA
Mirpur Xoad, Dhanmondi, Jacca 5

Principal areas of research interest include
fibre and polywmer, glass and ceramics and engineering
and process developmenc.

CENTRAL TESTING LABORATORY
116-A, Tejgaon Iadustrial area, Dacca b

Laboratories provide quality coantrol and
standardization fer governmenl, autonouous
organizations and private agencies ir Bangladesh.
Activities include: testing, analysing and
evaluation; Ctesting materieals for the Bangladesh
Standards Institution.

EGYPT

NATIONAL INSTITUTE FOR ST”NDARDS
£1 Tahrir St., Dokki, Cairo

Institute is responsible for research and
development of standards; it also coes materials
testing.

INDIA

INDIAN STANDARDS INSTITUTION
Manak Bhavan, 9 Bahadur 3Shah Zafar Marg,
New Delhi 110 002

Institute conducts research related to
standardization, guality control and certificatior.

LSRALRL

PARTICULATE SYSTEMS LABORATURY

c/o Chemical Engineering Research Centre,
Tecnnion - Israel Institute of Technoloygy,
Technion City, Haifa 32000

Activities focus on research and testiug in the
technology of particulate materials.

STANDARDS INSTITUTION OF LSRAEL
42 University St., Tel Aviv

Activities include preparation of  roduct and
national standards, testing, product quality
supervision, and applied research and development.
Institution msintains laboratories for Ctesting
building materials, electrical materials, etc.

YALAYSIA

STANDARDS AND INDUSTRIAL RESEARCH INSTITUTE OF

MATAYSIA

P.0, Bux 35, Sha Alam, Selangnr




Activities include research and development for
tndustrial applications, engineering testing,
scientific testing and quality control.

PHILIPPINES

NIST NATIONMAL STANDARDS AND TESTING LABORATORY
Pedro Gil St. and Taft Ave., Ermita, Manila

Laboratory tests materials.

PUBLICATIONS

European sources of scientific and techmical
information. 6th ed. Edited by Anthony P. Harvey,
Detroit: Gale Research, 1984. 368 p. ISBN
0-582-90152-9.

Contents, abridged: Scientific and technical
information centres, Patent offices. Earth
sciences. Energy sciences. Materials testing.
Mathematics and physics. Textiles, veaving and
clothing. Timber and furniture industry.
Transportation.

Note: Continues a series begun in 1957 and now
in its 6th ediction. As with the previous edition,
coverage includes countries of eastern Europe and
covers all of science and technology. The aim of the
directory is to provide a contact poimt within each
European country (30, plus an "international”
category vith six entries) for each subject area
(25 involved). Altogether there are 1,163 entries.
It is interesting to note upon inspection of the
subject index that library and information science
and services have the most extensive coverage
followed rather closely by the term "research.”
However there is hardly any term indicating great
specificity which has been omitted, even if some of
the more common terms have a surprisingly low
location count, viz: ammonia, asphalts, chromium,
destructive testing, explosions, glassfibers, and
hydrogen, (amorng many): each has only one location
entry. Despite the great value of this work it is
trcnic that (based on a quick survey of many of the
full organizational entries) access to library
facilities and related services are not usually
available to inquirers. Neverctheless, this tool 1is
far virtually all science and technology collections
which may have need ts make European contacts,
however infrequent.

TEQCA3: proceedings of the International Conference
on Testing, Evaluation and Quality Control of

Cowposites: 13-14 Sept., 1983, Fdited by T. Feest,
Toburn, MA: Butterworths, 1983. 342 p. paper. ISBN
0-408-22162-3

Contents, abridged: Mechanical testing.
Materials' characterization. Quality assurance and
structural analysis. Author index.

Note: Focuses attention both on current
reseatrch techniques and industrial applications as
concerned with the confidence of engineers in the
ability of the materials (vhatever they may be) to
perform as required and expected. For collections on
quality control in engineering libraries.

Polymer wear and its control., Edited by

L.ieng-Huang lLee. Washington: American Chemical
Society, 1985. 421 p. (American Chemical Society
Symposium Series; 287) 85-15755. [ISBN 0-8412-0932-4,

Contents: Mechanisms of polymer wear., Controls
nf poTymer wear. Tribological behaviour of polymers.
Wear of binmaterials and polymer composites.
Characterization and measurements f polymer wear.
Degradation and wear of polymeric filma and
filaments., Indexes.
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Note: This symposium volume consists of
26 chapters diviced into 6 sections. Its goals are
to seek a better understarding of wear mechanisms of
polymers and to provide information that will lead to
the development of new wear-resistant materials.
Temperature effects on friction and vear, and the
role of fillers in friction and wear behaviour of
polyethylene are among the subjects considered.
Includes literature references, an author index, and
a subject index. For cullect ons in polymer science
at the research level.

Polymer NDE. Proceedings of the European Worxshap on
Nondestructive Evaluation of Polymers and Polymer
Matrix Composites, Hotel Golf Mar, Termar do Vimeiro,
Portugal, September 4-5, 1934. Eaited by

K. #. G. Ashbee. Lancaster, PA: Technomic
Publishing Co., 1985 (c 1986). 1332 p. 85-51Y7s.
ISBN 87-762-446-1.

Contents, abridged: Microstructure at the
molecular level. NDE of laminates. Acoustic
emission. Control of fibre orientation im short
fibre composites. Vibrationms, elasticity and
anisotrophy under stress.

Note: This proceedings volume covers new
information on non-destructive testing and quality
contral of polymers and composite materials.
Subjects discussed include fracture mechanics as a
method for quality crntrol. Literature references,
discussions of each section aud a subject index are
included. For research level collections in
engineering and materials science.

Enrick, Norbert Lioyd. Quality, reliabilicy, and
process imnrovement. 8th ed. NY: Industrial Press,
1985 (c 1984). 401 p. 85-17. [ISBN 0-8311-1125-9.

Contents, abridged: Inspection and testing
for quality control. Process inspection with
control charts. Control of variability. Further
control charts. Analysis of variance. Multiple
tolerance chains. Reliability design. quality and
reliability experimeats, additional applications.
Index.

Note: This is a revision of the 7th edition,
1977, with a slight title change from Quality Control
and Reliability. There is no clue as to what has
been revised and there are no literature references
except about 20 in connection with figures taken from
another work and footnotes. Only three are dated
later than 1977 and two are undated. However, the
principle emphasis is on "simplified but gap-free
presentstion of the important statistical methods”
that form the heart of a successful program of
quality control. The author is with Kent State
University.

STP 889 - Microindentation Techniques in Materials
Science and Engineering, concisely appraises the
current sCaCus and progress in the understanding and
application of microindentation techniques for
materials research, mechanical surface property
testing, and quality control in wmetals, cersmics, and
polymer procecsing. The volume is divided into three
sections on fundamentals of indentation testing,
techniques and measurement, and engineering
applications. The reader will learn current
applications of hardness testing as Loth a sciencific
and practical tool. STP 889 can aid in
interpretation of hardness testing data and help
ensure high accuracy in testing proceaures. The book
should be of interest to materials researchers and
engineers, quality control personnal, and
technicians, (PCN:  04=-BRIUD0-28, list price $46.00,
member price $36.80)

STP 893 - Compoaite Materials Testing and Design;
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to dasage tolerance of advanced composites. Also
emphasized are the problems researchers face with
characterizing and analyzing the compiex failure
mechanisms associacted with stress concentrations and
delaminations. The papers are divided into five
areas: structures, failure mechanisms, strength,
delamination, and analysis and characterization.
Researchers and designers in the fields of composite
materials and aerospace, automobile manufacturers,
sppliasnce makers, and users of lightweight, high
strength materials will find the book useful. (PC:
05-833000-33, list price $59.00, member price $47.20)

STP 896 - Elascic-Plastic Fracture Mechanics
Technology, is the result of an experimental and
predictive round-rabin group. Over the past two
decades, many elastic-plastic fracture mechanics
wmethods have been developed to assess the toughness
of metallic materials and to predict failure of
cracked structural components. In tke book are
evaluations of the current methodologies on materials
that exhibit large amounts of plasticity snd stable
crack growth prior to failure. Intormation on
improved methads and guidelines for characterizing
fracture of metallic materials and for designing
structural components agsinst fracture is given. The
contents are divided into two sections: experimental
and predictive round-robin and elastic-plastic
fracture mechanics methodology. STP 896 will be of
particular interest to structural designers and
engineers in the sircraft, nuclear, naval, and piping
industries, as wvell as material engineers and
researchers in the manufacture of steel, aluminium,
and titanium alloys. (PCN: 04-896000-30, list price
$30.00, member price $24.00) Copies may be ordered
from ASTM (American Society for Testing and Materials),
191€ Race St., Philadelphia, PA 19103, USA.

A guidebook on methods for nondestructive
evaluation (NDE) of ceramics is to be produced by
Battelle Columbus Div. during a proposed multiclient
program. The guidebook will aid ceramic manufacturers
in fabricating more reliable products, reducing
manufacturing reject rates. Users of ceramic products
will have a basis for establishing and performing their
own independent quality assurance for products they
purchase.

During the program, Battelle experts will survey
the NDE of ceramics through a literature review and
interviews with other experts. Selected NDE methods
will be eritiqued: scoustic emission testing,
ultrasonics, radiography, microwave testing,
optical/visual imaging, mechanical vibration anslysis,
photoacoustics, and thermal-wave, acoustic, and x-ray
microscopy.

The Battelle team will orgsnize the data into a
manual that will describe each applicable method. For
each method, the menusl will cover such manufacturing
psrameters as underlying physical principles, relative
merits of the method, estimated performance
characteristics, estimated cost, and throughput rate.

The potential performance of each method will be
compared by using a specific set of criteria on type,
size, and location of defects. The improvements needed
by each method will slso be discussed. Firms wishing
to participate in the nine-month program can obtain
further information from M. Jack Snyder, Battelle,

505 King Ave., Columbus, OH &43201-2683, USA.

Methods for Analysis snd Testing, Vols. 12 and 2,
Institute of Petroleum, London, xix + 903;
xviii ¢+ 896 pages, respectively. John Wiley & Sons

Inc., 605 Third Ave., New York, N.Y. 10016, 1986,

Iwick announces the first issue of Materials
Tescing News, - ich is to be published semiannually.
This new, ful. iour, 12 page neusletter is designed
and writtea t) . peal to 3ll those interested or
involved in auinmating their materials testing
laboratory. The premier issue covers such diverse
areas as: automated materials testing, electronic
testing of yarns, torsion/tensile testing on a
steering column, storing more data, and vulcanization
measurement using microelectronics. (Published by:
Zwick Sales Department, 07900, Ulm Einsingen, P.O.
Box 9350, FRG) .

Precision Scientific announcss the availadbility
of a catalog covering its full line of clamps and
fixtures for Scott tensile testers, the 12 Page ;
catalog includes flat grip, cord, high elomgation,
and metal clamps as well as special purpose
fixtures. A listing of the materials for which euch
type is most effective is provided.

Page-¥ilson Corp. has published an
illustrated booklet covering the company's
various models of floor and bench-wmounted Wilson
Brinell hardness testers. Also included are
production Brinell testers for high volume
applications and a new, 22 1lb, portable Brinell
tester, as well as options and accessories for
the various modele.

The National Bureau of Standards (NBS) has
published the NBS Calibration Services Users’ Guide,
listing the bureau's measurement assurance programs
(quality control programs for calibrating entire
measuresent systems) and special test and calibration
services that check, adjust, or chsracterize
instruments, devices, and sets of standards. The
physical measurement services of NBS are designed to
help makers and users of precision ianstrumenrs
achieve the highest possible levels of measurement
quality and productivity. The hundreds of individual
services described in the guide directly link a
customers' precision equipment or transfer standards
to national measurement standards. The following
measurement calibration areas are listed in tne new
guide: dimensional, wechanical (including flow,
acoustic, ar. uvltrasonic), cthermodynamic, opticai
radiation, iinizing radiation, and electromagnetic
radiat an (including direct current, alternating
current, radio frequency, and microwave). The guide
explains fees, types of services, measurement
criteria, reports of test results, references to NH>
in advertisements, traceability of calibrations, and
shipment of equipment. Copies of the guide (SP 250)
are available from the Office of Physical Measurement
Services, B362 Physics Bldg., NBS, Gaithersburg, MD
20899, USA.

An important field is nondestructive materials
testing which is important not only in Che
manufacture of materials but slso in monitoring the
finished products for their functional capability and
safety, The brochure "Materials Research” not only
provides informition concerning a new funding
programme but it provides — at least in key words -~
an overview concerning the extraordinary multiplicity
of tasks which materials scientists actacl ioday.
"Materials Research” is obtsinable from the Federal
Ministry for Research and Technology (BMFT), Post
Office Box 200706, D-53 Boann 2.

Toyo Seiki snnounces seven new catalogues: tel
Time Tester, Automatic DensimeCer, SCrogrsph "R
Series, Thermally Stimulated Current Measuring
Apparstus, Rheolograph-5o0l, Heat Gradient Tester, and

Automatic Rubber Herdness Tester.




A flexible universal testing system designed to
provide rapid, highly accurate tests of a wide range
of materials is detailed in a new, 16 page brochure
from Tinius Olsen Testing Machine Co. Bullezin 125
tllustrates key features of the Tinius Olsen Lo-Cap
UTM. American Society for Quality Control, Quality
Coazress Transactions, 40th, Anaheim, Califeornia,
19-21 May 1986. "The Fundamentals aad Future of
fuality” (Milvaukee, Wis. 1986)

Processes for fatigue enhancement of metal
structures and materials testing capabilities are
descrited in a new, 12 page brochure published by
Fatigue Technoiogy Inc. (FTI). FTI manufactures
process tooling to improve fatigue life of metal
structures for aircraft and other critical
applications. The company also specializes in
cormercial materials testing of composites and
metallics.

Technigques for high temperature fatigue testing
edited by G. Sum.er and V. B. Livesey, Elsevier
Applied Science Publishers, 1985.

A major problem in the design and operation of
high-temperature engineering plants is that of
ensuring that critical compcneats have acceptable
design lives. Two types of power plant are the tapic
of this book, gas turbine engines and muclear power
stations, and life prediction for both has
traditionally been based on empirical rules derived
from operating experience rather than on an
understanding of the physical processes. Design
rules are now becoming increasingly based on
laboratory testing, and this book represents a timely
review of developments in high-temperature fatigue
testing methods.

The book highlights the complex nature of
high~temperature fatigue processes, encompassing
time-dependent effects of creep, environment and
gradual changes in metallurgical structure. The
techniques selected for any one test will depend on
the purpose of the test. For example, the tvpe of
test to bz used to zenerate basic design data will
differ from the type of test designed to elucidate
the basic nature of a fatigue process or a test
designed to develop a predictive model which may be
used to extrapolate the data obtained from short-term
laboratory tests to a long-life limit, up to 30 vears
for a nuclear power plant.

The book is based on papers presented at a
two-day symposium, sponsored by the Springfields
Laboratory of the Northern Division of the UK Atomic
Energy Authority, in September 1983. The purpose of
these papers was to present the experiences of
different laboratories in order to develop a basis
from which to evolve a comprehensive standard for
high-temperature fatigue testing. The contents of
the book fall naturally into three sections which may
be summarized as follows:

(a) Uniaxial testing (Chapters 1-5)

It is apparent that each test method
represents a compromise, and different materials
and circumstances will diccate different
solutions. In each case the purpose of the test
needs co be defined, and the intrraction between
the specimen and the testing system needs to be
understood.

(b) Specialized aspects of testing
(Chapters 6-8)

These chapters review the tequirements for
testing in reverse bending, the difficulties of
testing in anvironments other than laboratory
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air, and methods for defining the onset of
failure in a high-temperature fatigue test.

(¢} Computer applications (Chapters % and 1V}

The applications considered here are for
the collection and analysis of data, not for
coantrol of the fatigue test.

The book represeats an excelleal review of
state-of-the-art techniques in high-temperature
testing, and it would be invaluable for anyone
involved in general mechamical testing. It
illustrates the widely different approaches adopted
by various laboratories for specimen and grip desiga,
extensometry, and heating methods. It seem likely,
based on a reading of this book, tuiat progress
towards accepted standards for high-temperature
farigue testing will be slov and chat compatibility
of different test techniques and comparability of
test results will continue to be a subject of
concention for some time.

Creep of Metals and Alloys by R. W. Evans and
B. Wilshire. Published by The Iastitute of Metals,
London, 1985.

This book is an important new addition to the
literature on creep by =0 leading specialists from
The University College, Swansea. The text covers
both the theoreticzl and experimental aspects of
creep and is written at a level suitable for advanced
undergraduates or postgraduates whose interests lie
in the high-temperature materials field. The chapter
headings are: Uniaxial C.eep Testing; Primary and
Secondary Creep Behaviour; Dislocation Creep
Processes; Tertiary Creep and Fracture; and The
Theta Projection Concept. Four appendices are also
included: Finite Element Analaysis for Creeping
Structures; Constant Stress Lever Calculations;
Creep Curve Parameter Estimation; and Grain Bouadary
Phenomena in Polycrystals.

Defect Properties and Processing of High-Technology
Non-metallic Materials

Edited by J. H. Crawford Jr., Y. Chen and

W. A. Sibley. Elsevier Science Publishing Co.

Inc. 1984, 482 + pages.

The Materials Research Society (MRS) Sympecsta
Proceedings have been published since 198l. This
book consists of the proceedings from a symposium
held in Boston during November 1983, which was
subsequently published a. Vol. 24 of the series. The
overall aim of the symposium was to describe how the
defect structures of non-metsllic materials are
influenced by their processing conditions and end~use.

"High-technology” materials are thought to be
the building blocks of the future. The keynote
address by H. K. Bowen classifies the performance
prerequisile of these materials in terms of electric,
magnetic, optical, chemical, thermal, mechanical,
biological and nuclear functions. Naturally the
driving force for these developments is based on the
large market for improved products. For ~xample,
just for high-technology ceramics, there is expected
to be a five-fold increase in expenditure by 1995.

The scientific contributions are broadly
classified into three sections. The major section
(60 per cent of the papers) concentrates on the
"Properties and Structure of Defects”. It
immediately becomes apparent that the term "defect”
encompasses a wide range of structural phenomena,
among which are dislocations, stoichiometrie
deviations, micro-cracks and point defects - Lo name
Just 8 few. The focus of Pare [l 13 on "Processirg
Methods and Variables” and represents about 25 per




cent of the book's contents. The remaianing i per
cent of the book is devoted to "Application” anc is
limiced to topics such ar lsser materials, light
guide technology and structural cerazics for advanced
heat engines.

The 1986-87 edition of Directory of Federal
Laboratary and Technologzy Resources descrides more
than 90C government laboratories, services, a=nd
facilities which have the equipment or resources To
directly assist thc academic and business comunities
in their research and engineering efforrs.
(Department of Commerce’s National Technical
Information Service (NTIS). NTIS, 5285 Port
Royal Rd., Springfield, Va. 22161; reference crder
number PB86-100013/XCS.)

Microindentation Techniques in Materials Science and
Engineering, edited by Peter J. Blau and

Brian R. Lawn, ASTM, 1916 Race St., Philadelphia,
Pa. 19103, 215-299-5585, 1986, 300 pp.

Publication reviews the last decade of research
and application of microindentation techniques. It
evsluates the current status and progress in the
understanding and application of microindentation
techniques for materials research, mechanical surface
property testing, and quality control in metals,
ceramics, and polymers processing.

Seventeen peer-reviewed papers cover the
fundamentals, testing techniques, and engineerirg
uses of microindentation-based methods. Specific
subjects desl with the use of indentation methads in
the study of intrinsic deformation properties,
residual stress states, thin-film adhesion, and
fracture properties in a variety of materials.

In addition, the publication examines curreat
applications of hardness testing as both a sc.eatific
and practical tool. It also aids in the
interpretation of hardness testing data and helps
assure high accuracy in testing procedures.

FUTURE MEETINGS - PAST EVENTS RELATING
TO MATERIALS 1987

3-9 Feb.
San Fraacisce
Califorata

2 Feb.

Lendon

17-19 Teb.
Cincianati,
Chio

25-27 Feb.
Golden,
Colerado

26-27 Febd.
Serlin,

Fed. Rep. of
Germany

9-13 March
Sarn Francisco,
Californ:ia

6-9% April
Ananeim,
Califurnia

13-15 May
Loadan

1-6 June
Beijing,
China

9-11 June
Santa Clara,
California
aand on
23-25 Juyne

GILEEN GATE MATERIALS TECHNOGLGY
CINTERENCE (SRi Taterzar:ioaal - Ad-
Raveaswood Ave., Menld Patk, A, Uda:

MNOT FOR 2a0LUCT RELIABILITY
{Plastics and Rudder Iasiiturle,
1i wovdazr 2i., London, Swis Uiil}

ADVANCED CERAMICS "67 uonFeazhc:

UNIVERSITY-INDUSTRY ADVANCED MATEXRIALS
CONFERENCE {Colorado School of Mines)

STATISTICAL METHODS IN MATERIAL
TESTING AND QUALITY CONTROL, SEMINAR
(veutsche Gesellschafe fir
Metgllkunde eV, Aderaueralle I,
D~6370 Oberursel, Fed. Rep. of
Germany)

CORRUSION/B87 and 1987 MATERIALS
PERFORMANCE AND CORROSION SHOW
(Nacional Ass. of Corrosiom Eng.,
PO Box 218340, Houston, Texas,
77218, USA)

ADVANCED MATERIALS TECHNULOGY '87

MATERIALS "87 - PROCESSINC AMD PROPERTY
CONTRCGL (Institute of Metals,

L Cariion House Terrace,

London SWLY 303

NEW MATZAIALS '37

FIRST ANNUAL ELECTRONICS MATEZRIALS AN
PROCESSES CONFERENCE OF THE SOCIETY Fulk
THE ADVANCEMENT OF MATERIAL AND

SRING (SAMPE,

?.0. Box 2459, Covina, Calif. 91722,
Usa)

5 Jan. - 1987 GORDON RESEARCH WINTER CONFERERCEIS
27 Feb. 5-9 January : POLYMERS

Sants 12-16 Jsnuary: COMPOSITES

Barbara, 26-30 January: METALS IN BIOLOGY

Californis

(Gordon Resesrch Center, University of
Rhode Island, Kingston, R.I. 02881,
USA)

18-21 Jan. 1lth ANNUAL CONFERENCE ON COMPOSITES

Cocoz Beach, AND ADVANCED CERAMICS

Florida (Engineering Ceramics Div. Meeting)

15-22 Jan. AMERICAN SOCIETY FOR TESTING AND

Tampa, MATERIALS INT. SYMPOSIUM

Florida (AS™, 1916 Race St., Philadelphia,
PA 19103, USA)

21-23 Jan, CONFERENCE ON COMPOSITE MATERIALS

Cocoa Beach (Advanced Comp. Working Croup)

Florids

28-30 Jan. JOINING OF CERAMICS

Columbus, {(Ohio Stsate University, 225 Mount Hall,

Ohio 1050 Carmack Road, Columbus, OH 43210,
LSA)

2-6 Feb, L2nd ANNUAL CONFFRENCE OF THE

Cincinnati,
Ohio

REINFORCED PLASTICS AND COMPOSILES
INSTITUTE (Cincinnati Convention and
Exhibition Center, Cincinnati, OH, USA:
organized Ly Society of the Plastics
Industry)

5-9 Oct. ASNT 1987 FALL CONFERENCE
Atlanta, Suggested areas include NDT research,
Georgia development, and application in tne

transportation industry, as well as
papers with specific applications to
new materials, e.g., compusites.
(Technical Program Chairman, Lone Star
Steel Corp., Lone Star, Texas 75668,
USAJ

tov. 1987

Composite Materials

A call for papers is issued for a symposium on
Advances in Thermoplaszic Matrix Composite Masterials,
sponsored by Committee D-3u on High Modulus Fibers

and Their Composites.

The Symposium, scheduled for November 19E7, wili
examine various aspects of receat advances in
continuous and discontinuous fider-reinforced
thermoplastic matrix composiles, with major empnasis
on continuous fiber-reinforced structural
composites, Therm plastic composiles are receiving
considerable attention for a nuaber of jmprefsive
properties, such as impact foughness, delamination
fracture energy, and solvent resistance. Alse
thermoplastic composite materials offer processing
flexibility. As applications for thermoplastir
composites increase, 3 forum fn discuss Cheir




sdvantages and disadvantagas in the context of
processing, material respoase, and design and
analysis is esseatial to advance the technology. The
scape of the symposium is to discuss and share the
various technical aspects of recent advances in
thervoplastic matrix composites.

The topics of interest to this symposium include:

- Process modeling,

- Effect of processing on mechanical properties,
- Short-term properties,

- Fiber—matrix interface issues,
- Failure mechanics,

- Damage wechanics,

- Testing,

- Fatigue behavior,

- Environmental effects,

- Fracture toughness,

- HNoalinear behavior,

- Time-dependen: response,

- Delaminstion behavior,

- Impact behavior,

-~ Damage tolerance,

- Damage repair,

~ Design and analysis, and

~ Ocher related topics.

The symposium chairman is: Colam M. Newaz,
Battelle, Columbus Div., 505 King Ave., Columbus,
OH 43201, USA. (Source: ASTM Standardization News,
November 1986)

World Materials Congress, 1988

World Materials Congress co—sponsors

Scores of societies, associations, institules,
councils, federations, and other organizations from
all over the world have already signified their
intention to co-sponsor and participate in ASM's
World Material!s Congress to be held in 1988,

The World Materials Congress, first ever to be
held, will be held in Chicago, Illinois
24~30 September 1988, and will be the featured event
during ASM's observance of the 75th anniversary of
tts founding.

Many of the co-sponsoring organizations will
program technical sessions of the Congress in their
areas of expertise.

"The response to our announcement of plans for
the Congress and the invitaticn to participate has
been excellent”, said Allan Ray Putnsm, Secrecary
General for the World Materials Congress. “We have
slready received positive responses from 35 North
American organizations and 27 international
organizations from some 15 nations, and many other
organizations are expected to join in the event. It
vill truly be 8 'world' materials event.”

The following is the list of curreat spontors.
North America

Aluminium Association, Inc.

American Institute of Chemical Engineers
American Iron and Steel Institute

American Nuclear Society

Americsn Physical Society

American Society of Mechanical Engineers
American Society of Agricultural Engineers
ASTH

Americon Welding Institute

Americen Welding Society

Canadian Institute of Mining and Metallurgy
Center for Metals Fabrication (Battelle Columbus)

sj’_

The Electrochemical Saciety

Engineering Society of Detroit

Electric Power Research Institute

Federation of Materials Societies

Forging Industry Association

Institute of Advaaced Manufacturing Sciences
Institute of Scrap lroan and Steel, Inc.
International Copper Research Association
International Lead Zinc Research Organizatioc
international Magnesium Association
international Precious Metals Institute

The Iron and Steel Society

JCPDS - International Centre for Diffraction Data
The Materials Properties Couacil, Iac.

The Metallurgical Society

Metal Powder Industries Federation

Metal Treatiag Institute

Natioaal Association of Corrosion Engineers
Society of Mining Engineers

Saciety of Plastics Eagineers

Steel Founders' Society of America

Welding Institute of Canada

Welding Research Council

International

Associacso Brasileira de Meta's

Associscion Technique de ia Siderurgie Francaise

Associazionz [taliana di Metzllurgia

Australasian Institute of Mining and Merallurgy

BCIRA International Centre for Cast Metals Technology

Centre de Recherches Metallurgiques (C.R.M.) (Belgium)

Czechoslovak Society for Metais Science

Centro Nacional de Investigaciones Metallurgicas
(CENIM)

Deutsche Gesellschaft fir Metallkunde eV

The Indian Institute of Mecrals

The Institute of Metals

Institute of Metals and Materials Australia

International Federation for the Heat Treatment of
Materials

International Iron ant Steel Iastitute

Iron and Steel Institute of Japan

IRSID {France)

The Israeli Metallurgical society

The Japan Institute of Metals

Japan Light Metal Association

Jernkontoret (Sweden)

The Korean Institute of Metals

The Netherlands Society for Materials Science

The Nonferrous Metais Society of China

Powder Metallurgy Association of India

Societe Francaise de Metallurgie

Verein Deutscher Eisenhuttenleute

The Welding Institute

1986

17-20 March MATERIALS TESTING EXHIBITION
Birminghan (British Inst. of NDT, Institute
UK of Metals)

19-20 March ACOUSTIC EMISSION IN THE STUDY,
Bad Nsuheim, TESTING AND CONTROL OF MATERIALS AND

Fed. Rep. of  PLANT INSTALLATION
Germany

7-9 April ASTM COMMITTEE MEETING FOPR. E-28 ON
Charleston, MECHANICAL TESTING (AS™, 1916 Race
South Carolina St., Philadelphia, PA 19103, USA)

8-10 April INTERNATIONAL CONFERENCE ON
Liverpool FIBRE-REINFORCED COMPOSITES (Plastic
ux and Rubbber [nst., London)

8-10 April M2 5 SUIENCES Fu¥ THE FUTURK
Las Vegas, L for the Advancement of
Nevads L °nd Process Eng. (bArlEk),

P,u Covina, Cs. 917:2)



14-15 April
Chicago, Ill.

15-18 april
Palo Alto,
California

28-30 April
Charleston,
South Carolina

29 April -

1 May
Charleston,
South Carolina

10 June
Stigo, Eire

16-19 June
Stockholm,
Sveden

16-18 Sept.

Guildford,
UK

SYMPOSIUM ON TESTING OF METALLIC AND
INORGANIC COATINGS (American Society
for Testing and Materials,
Philadelphia)

SPRINGC MEETING OF THE MATERIALS
RESEARCH SOCIETY, MATERIALS
CHARACTERIZATION BY ION BEAMS,
ELECTRON BEAMS AND PROTON BEAMS
{(California Inst. of Technology,
Pasadena, Calif.J -

ASTM COMMITTEE MEETINGS FOR E-9 ON
FATIGUE AND E-24 ON FRACTURE TESTING
(ASTM, 1916 Race St., Philadelphia,
PA 1910), YSA)

COMPOSITE MATERIALS TESTING AND DESIGN:
EIGHTH SYMPOSIUM (American Society for
Testing and Materials, 1918 Race St.,
Philadelphia, PA 19103, USA)

COMPUTERS IX QUALITY CONTROL COURSE
(Sligo Regional Techaical College,
Sligo, Eire)

QUALITY CONTROL IN INDUSTRY -
INTERNATIONAL CONGRESS (Swedish Ass.
for Yuality)

IPC SECOND INT. CONF. ON TESTING,
EVALUATION AND QUALITY CONTROL CF
COMPOSITES (IPC Science and
Technical Press, P.0. Box 67,
Westbury House, Bury St., Guildford,
Surrey, UK.

21-2& Sept.
Atlanta,
Georgia

3 Sept. -
2 uee.
Paris, France

4=-9 Oct.
Orlando,
Florida

16-19 OQct.
Osaka, Japan

20-24 Oct.
Los Angeles,
California

21-22 Qct-
Corning, N.Y.

27-30 occ.
Santa Clara,
California

18-2U YNow.
Dearbon, I
Usa

25-27 Nov.
London

QUALITY EVALUATION 66 - TECHNCLOUY FuR
TOMOKROW (Techn. Section, CPPA,
Montreal, Canada:

INT. EXHIBITION AND CUNFERENCE UM
AUTOMATIC TESTIMNG AND TEST
INSTRUMENTATIUN (Network Zvears,
Printers Mews, Buckinghaa, UK}

MATERIALS WEEK

(American Sc~. of Metals, Metals Park, .
OM, USA)

FIRST INT. NEW MATERIALS CONF. AND

EXHIBITIOK (InterGroup Corp., Osaka) .

TWELFTH INT. SYMPOSIUM FOR TESTING
AND FAILURE ANALYSIS (ISTFA Registrar,

American Society for Metals, Metals
Park, OH, USA

PROCESSING FOR RELIABILUTY CF ADVANCED
CERAMICS (Industrial Research Ins:t.,
Corning, NY., USA)

Automatic test equipment in tne areas
of artificial intelligence, surface
wount technology and automated visuai
testing techuiques

ADVANCED COMPOSITES CUMFLRINLGE
{Arerican Society for Metals, Melals
Parx, CE, USA}

MATEALALS ENGINEERING "bn
(Plastic aac Rubber Iast., Londonj




UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANLZATION
Vienna International Centre, P.O. Box 300,
A-1400 Vienna, Austria

Advances 1n Materials Technology: Mounitor
Reader Survey

The Advances in Materials Technology: Monitor has now been published since 1983.
Although its mailing list 1s continuously updated as new requests for inclusion are
received and changes of address are made as soon as notifications of such changes
are received, I would be grateful if readers could reconfirm their interest in
receiving this newsletter. Kindly, therefore, answer the questions below and mail
this form to: The Editor, Advances in Materials Technology: Monitor, UNIDO
Technology Programme at the above address.

Computer access number of mailing list (see address label):
Name:
Position/title:

Address:

Do you wish to continue receiving issues of the Advances in Materials Technology:
Monitor?

Is the present address as indicated on the address label correct?

How many issues of this newsletter have you read?

Optional

Which section in cthe Monitor is of particular interest to you?

Which additional subjects would you suggest be included?

Would you like to see any sections deleted?

Have you access to some/most of the journals from which the information contained
in the Monitor is drawn?

Is your copy of the Monitor passed on to friends/colleagues etc.?

Please make any other comments or suggestions for improving the quality and
usefulness of this newsletter.




F.T mew sutsoribers:

Request for ADVANCCS IN MATERIALS TECHNOLOGY: MONITOR

If you would like to receive issues of the Advances in .iaterials Technology:
Monitor in the future, please complete the form below and return it to:

UNITED NATIONS @ NATIONS UNIES §

UVAITED NATIING INDLWTINIAL LDESVILNFMLAT 108 A IEATRIS

UNIDO MAILING LIST QUESTIONNAIRE *

Advances in Materisls Technology: Monfitor
(Code: 504)
AREDO WAILINS LIST_MIDUSTRIAL NoFORMA IO S5CTYOR.
P.0. BOK 300. A 1608 VIENNA AUSTALA

Type or pent clearly (One latter par box) and lases 8 1000 betunen sach word

NAME [underting temly resa)
TITLE OR POSITION
+— —4 ——4 4 —-}

ORGANIZATION

—_——r——_— 1+ -3 r—--AL—- - -$-4- 13- +—4—4
STREET AND MNe. lar P.O. Boux) |

—— b— <

CiTY AND STATE OR PROVINCE ] — 4+ 4444
COUNTAY j

PLEASE DO MOT WRITE 1 THESE SPACLS
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Readers' comments

We should appreciate it if readers could take the time to tell us in this
space what they think of the 8. issue of Advances in Materials Technology:
Mon{tor. Comments on the usefulness of the information and the way it has been
organized will help us in preparing future issues of the Monitor. We thaak you
for your co-operation and look forward to hearing from you.






