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Metrologia

Physies Division of the National Physical Laberatory, and
included resulis obtained by the ultrasonie pulse method
(Mariitan 1957) as well as by the standard static methods
civing the stress-strain relations over a wide range of stress.
Younss modulus was measured both in tension and compres-
sion using a Martens type rhomb and mirror extensometer.
The modulus of rigidity was determined by means of an NPL
design of torsion extensometer in which readings were taken
cither with an autocollimator or with the normal arrangement
of seale und telescopes.

Precautions were taken to ensure that the samples used
for the preparation of test picees were sulliciently represen-
tative of the material used in the piston-eylinder assemblies.
Wherever possible they were selected from the same picee or
bateh of material. In cases where this was impracticable,
material of similar composition was used, care being taken
that any heat treatments involved were mlvqunt(lv repro-
duced. A study by Browns, Coni & Markiram (1957) on the
ellcets of heat treatment and tompering on the elastic moduli
ol the steels concerned illustrates the signifieanco of these
affeets,

The remults of (he elastic modalus measurements are
srnimarised i Tab, 1o On the whole the agreement between
tho ulteasonic and static methods is goad, tho diserepancies
rarely oxceeding 1 oor 220, 1L scemed desivable, however, to
decide on a consistent basis for the choice of the actual values
to be adopted in practice, especially as regards the values of
¢/ and ¢ which are particularly important in the applications
to the similarity method. It was decided, after consultation
with experts in the ficld of elastic properties, to proceced as
follows:

1) Ior the modulus of rigidity, to adopt the static values
taken over a wide range of stress, as being those most likely
to be representative of the conditions obtaining in practice
when the system is subjected to sustained forces. 1t is pertinent
to note that as we are interested only in the zatio of the values
of ¢ for a pair of materials, certain types of systematic error in
the clastic measurements will be eliminated.

ii) Ior Poisson’s ratio, to adopt the values obtained by the
ultrasonic method in which this quantity is given directly in
terms of the observed wave velocities. This value is likely to
be considerably more accurate than one derived indirectly
from static measurements of % and @ since, as these are deter-
mined by different experimental procedures, their ratio may
be subject to a systematic error. Since EJG = 2 (1 + o) and ¢
is normally intermediate between 1/3 and 1/4, _any error in
L) would entail an error proportionately 4 or 5 times larger
in . Tt may be noted, however, that even if the actual value
of B/( were somewhat in error the relation between the loads
and displacements would still help to show up any important
variation in o over the range of stress, so that the static results
provide usc-tul evidence on this point.

The ultrasonic measurements provide direct information
on the eclatic isotropy of the material. This was found to be
satisfactory in the case of all three materials considered in
this investigation.

The relations between displacement and applied force
given by the extensometer measurements showed a satis-
factory degree of lincarity, and freedom from important
hysteresis effects, with the exception of the tungsten alloy at
high stresses. When tested under the condition of a rising
serics of values of stress, this material exhibited depdrtums
from linearity, principally for stresses above about 1600 bars
(1.6 x 10% N/m®), which scemed consistent with some degree
of plastic deformation. Series taken in descending order of
stress, however, showed a much closer apprmmmtmn to linear
behaviour, indi :ating a modulus reasonably consistent with
‘[]M( obtaining over the lower range of stress, i. e. before the

pearance of the anomalous permanent set. This point is
further discussed in the next section, where a variation of the
balaneing  procedure used in the similarity method, to take
account of this anomaly, is deseribed.

1) Evperimental method
As preyiously remarked. the efivctive areas of the piston-
evlinder asscmblies of the two ditlerent materials have been
compared by direct. balancing on a common pressure system
as this is tlic most convenient method assuming that two
complite pressure balances are available*,

* 1t should be noted: that the balancing process is not in
itself fundamental 1o the similarity procedure. The essential
condition is that the equilibrating loads on the two assomblics

For the purposes of the present work the equilibrium state
of a piston-cylinder assembly is defined to be that in which the
piston is falling at such a rate as exactly to compensate for the
volume of fluid lost by the natural leakage through the inter-
space between the piston and eylinder. In the case of two
assemblies balanced against one another, these conditions
imply that there is no movement of fluid through the connee-
ting line. Leaks in other parts of the system must of course be
carcfully controlled if these equilibrium conditions are to he
n-pmduc(‘(l unambiguously. The accuracy of the balancing
process is normally of the_order of a few parts in 10%-

The dependence of the effective arca on temperature has
been found to be adequately represented by the arca cocfficient
of thermal dilatation which, in the case of steel assemblies,
amounts o a change of about 2.3 parts in 10°/ . 'The

temperatures of the piston-cylinder nsqcmblnw were measured
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TFig. 2. Diagrams of piston-cylinder assemblies (Scale of cm)

Some obvious small corrections to the loads on the two
assemblies may be necessary to account for:

1) any difference of level of the two pistons;

ii) buoyancy effects due to any submerged portions of the
piston of other than the working dzameter,

iii) surface tension at the meniscus at the upper end of the
piston.

Since the comparison is between assemblies of the same
nominal dimensions, the corrections involved in ii) and iii) will
normally cancel out, or nearly so.

Two rather different types of piston-cylinder assembly
have been used in the present work, and these are shown
diagrammadtically in Fig. 2, a) and b). Units of type a) have
been used over the range of pressure up to about 3000 bars,
the assemblies having nominal effective arcas of 0.05, 0.02
and 0.01 in®** and differing only in the diameter of the piston
and cylinder bore. The units of type b), which have been used
mainly for the higher part of the pressure range — i.e. from
about 1500 to 6000 bars — were of nominal area 0.005 in?*,

The piston-cylinder units of type a) are attached to the
support column by screwing into a collar shown in outline in
Fig. 2, the pressure seal being effected between an annular
projection at the base of the assembly and a flat shelf at the
upper end of the column. In order to avoid any possibility of
anomalous effects due to a discontinuity in the clastic modulus
at the junction, the support column used in association with
any particular assembly was constructed of the same material
as the asse ml)lv itself. In the units of type b) the housing, also
shown in IMig. 2, was rather different. The main cylinder block

should be determined for exactly the same pressure. It would
be possible, though more difficult, to do this by determining
the load on each assembly separately when exposed to an
accurately reproducible pressure identified, for example. by a
phase transition of a pure substance. If two complete balances
were not available it might well be necessary to resort to some
such method.

* The approximato metric cqmvnh‘nts are:
0.05 in? = 0.322 om?; 0.02 in? = 0,129 em?;
0.01 in® = 0.0645 em?; 0,005 in? = 0.0322 em?®
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