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This Report describes an investigation into the tensile and torsional

properties of DTD 5025 magnesium alloy castings.

Strength and stiffness values

are given, and the variation of these parameters between different batches and

manufacturers is shown.

short term temperature environments is indicated.

The effect on mechanical properties of long and
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1 INTRODUCTION

The mechanical properties of sand cast light alloys vary more than those
of most other forms of metallic materials and it is therefore necessary, when
evaluating them, to test a large number of specimens from different batches
produced by different manufacturers. This Report describes am evaluation of
four batches of DID 5025 magnesium alloy castings, two produced by each of two
manufacturers. Tensile and torsional properties are presented together with
the effects on these of periods of heating, typical of environments which the
castings might experience during service., Identical tests were carried out on
specimens from each batch. At room temperature, the number of specimens was
sufficient to provide information on batch-to-batch variations and variations
between manufacturers; the elevated temperature tests were designed to give
environmental effects only, and fewer specimens were thus utilised. Attention
is concentrated in this investigation on tensile and torsional (shear)
properties, since the scatter 1s likely to be greater in these than 1n com-

pressive properties, where the effect of inclusions is usually less important.

The experimental programme is one proposed by the Metallic Materials
Sub-Comm:ttee of the Joint Airworthiness Committee in 1960, and was one of a
series of programmes, initiated by the Sub-Committee, to evaluate light alloy
castings. Work prior to 1965 which included the majority of the tensile tests
was carried out at the Metallurgy Department, Battersea College of Technology
(now the University of Surrey) under a Ministry of Aviation contract.

Mr. M. G. Bader of that department was responsible for that part of the

programme. Subsequent work was done at Structures Department, R.A.E.

2 MATERIAL AND SPECIMEN PREPARATION

Two manufacturers, i1dentified in this Report as A and B, each supplied
two batches of magnesium alloy castings to specification DID 5025, there being
twenty—four castings in each batch. The chemical composition and mechanical

properties in this specification are given in Tables 1 and 2 respectively.

The casting design used in this investigation was prepared under the
auspices of the Metallic Materials Sub-Committee of the Joint Airworthiness
Commlttee1 for use as a standard in the evaluation of cast metallic materials
and is shown in Figs.l and 2. The design incorporates features typical of
practical components and consists of a cylindrical barrel, together with an

I section beam at right angles to the barrel.



The castings, which were heat treated at the founders, were ordered and
released to an abbreviated A.I.D. procedure by Battersea College of Technology.
Specimens found to be defective by radiological examination were rejected.
However, subsequent machining of castings which appeared sound in this examina-
tion revealed a large number of inclusions, varying in length up to a few
millimetres. These inclusions consisted of fragments of foreign material,
sometimes associated with a void. Such inclusions and their effect on the

experimental results will be discussed in section 4.5,

All tensile test pieces were extracted from the barrel of the casting,
the axis of the specimen being parallel to the axis of the barrel, and were
michined to the dimensions shown in Fig.3. It should be noted that tensile
specimens to be loaded at elevated temperature are longer than those to be
loaded at room temperature, the former being machined to allow for a 2 inch

gauge length extensometer.

Torsional specimens were machined from the barrel of the casting, to
the dimensions shown in Fig.4, care being taken to ensure that the bore was
concentric with the outer surface and that the flanges were perpendicular to

the axis of the specimen.

3 EXPERIMENTAL PROCEDURE

3.1 Enviropmental heating

Long term environmental heating was represented in the appropriate tests
by periods of sustained heating at temperatures ranging from 120°¢C to 200°C
for times varying from 200 hours to 20000 hours; the environmental heating
conditions are specified in Table 3. Short term environments were represented
by shorter periods of 30 seconds to 300 seconds duration at higher sustained
temperatures 1n the range 150°¢ to BOOOC; these environments are detailed in

Table 4.

The prolonged heating periods of 200 hours or more were achieved in air-
circulating ovens, the temperature being controlled to within +2°C. The shorter
perivds of heating were applied to tensile specimens by passing a direct
current at low voltage through the specimen, thermocouples being attached at
three points equi-spaced along the gauge length. The temperature at each
polnt was monitored, the temperature at the central poaint being controlled.

In this way each point was maintained within +2°C of the required temperature,

The control system used a variable dc supply, operating in the millivolt range,



adjusted so that the voltage was equal to that of a thermocouple at the required
test temperature. A servo-potentiometer was used to compare this voltage with
the output voltage of the central thermocouple; the difference between these
voltages was amplified and used to control the current passing through the

specimen and thence the temperature.

Tensile specimens which were tested at the long term environmental
temperatures were also maintained at the correct temperature during loading by
the direct current heating method described above, with the exception of those
from castings supplied by manufacturer A which were subjected to long term
environments Al and A2. These were tested at Battersea College of Technology,
where the specimens were heated by immersion in a bath of silicone o0il whose
temperature was controlled to within +1°C of the desired test temperature. No
torsional specimens were tested at elevated temperature although such specimens

were tested subsequent to environmental heating.

3.2 Tensile tests

Of the results quoted in this Report, the room temperature tensile tests
on material which had not been subjected to environmental heating and half of
the room temperature tensile tests and a few of the elevated temperature
tensile tests on material subjected to long term environmental heating were

carried out at Battersea College of Technology.

3.2.1 Room temperature tests

Tensile specimens tested at R.A.E. were loaded at a comnstant strain rate
of about 0.5 mm per minute in a Denison 15000 1lb tensile test machine. The
applied load was measured using a ring dynamometer, mounted in series with the
specimen, giving an output voltage proportional to load. Extension was measured
using a modified dial gauge extensometer fitted with a linear differential
transformer in place of the dial gauge; this gave a dc output having a voltage
proportional to the extension. The cutput voltages from the dynamometer and
extensometer were fed directly to a high semsitivity x-y function plotter
adjusted to give convenient lcad and extension scales to record extension up to

0.57 proof stress.

Tensile specimens tested at Battersea College of Technology, were loaded
in an Avery 2500 lb hydraulic temsile test machine at nominally constant strain

rate. Load-extension curves were recorded autographically as for tests con-

ducted at R.A.E., a Mohr and Federhaff electronic extensometer being used

instead of the modified dial gauge extensometer.



The 0.17, 0.2% and 0.5% proof stresses together with the ultimate stress
and Young's modulus were derived from the load-extension curve., The 0.17%
proof stress is defined as that stress which would produce a permanent
elongation of 0.1% if the stress were removed. The 0.2Z and 0.3% proof
stresses are defined similarly. Percentage elongation was measured by marking
the specimen off in ! inch intervals before the test, and measuring after the
test the increased distance between two points either side of the fracture

which were originally 1 inch apart.

3.2.2 Elevated temperature tests

Of the tensile specimens, all those subjected to short term environments
and half of those subjected to long term environments were subsequently tested
at their environmental temperature. In the tests at R.,A.E. at elevated
temperature, the same type of extensometer was used as in the room temperature
tests, the specimen being electrically isolated from the extensometer and test
machine by insulating bushes. Since the specimens in the elevated temperature
tests at Battersea College of Technology were immersed in an oil bath, the
Mohr and Federhaff electronic extensometer could not be used., Extension was
measured instead using a dial gauge extensometer, designed by Mr. M. G. Bader,
in which the dial gauge was above the oil bath. Load-extension curves were

drawn by hand, and the tensile properties derived.

3.3 Torsional tests

Torsional tests were carried out in a M,A,N, 1000 kg m torsional test
machine, Torsional strain was measured using an optical torsiometer having a
4 inch gauge length. The telescope and scale were placed to give a 100 inch
(2.54 m) optical lever. There was no autographic recording, and the applied
torque was read directly from the dial of the test machine. All the torsional

tests were conducted at room temperature,

The proof stress, ultimate stress and shear modulus were calculated from
the graph of torque plotted against the difference in scale readings
reflected by the mirrors fixed to either end of the torsiometer. Torsional
strain was deduced from this difference in scale readings using the length of
the optical lever and the ratio of the gauge length to the outer radius of

the tube.



Torsional stress was calculated by the formula,

16 T D1
T & ————

> 4 4
T (D1 D2)

where TS is the torsional shear stress at the outer surface of the tube,

T 1is the applied torque and D1 and D2 are the outside diameter and inside
. . . 2

diameter respectively. The torsional proof stress is defined™ as that stress

which produces a permanent strain of 0.0005 radians; this is illustrated in

Fig.5.
4 RESULTS

4.1 Experimental programme

Each batch consisted of twenty-four castings which were allocated to
provide test specimens as indicated in Fig.6; of each batch, sixteen castings
were used for tensile tests while seven were used for torsional tests. A
single casting produced twelve tensile specimens or one torsional specimen. Of
any set of twelve tensile specimens, four were loaded without environmental
heating to determine the room temperature tensile properties, and thus the
variations between batches and manufacturers. The remaining specimens were
tested to provide data on the effects of the long and short term temperature
environments. Room temperature tensile tests without prior heating were con-
ducted on every casting which provided tensile specimens and the temnsile
properties achieved under each environmental conditiom were directly related to
the initial room temperature properties of the same casting. Of the seven
torsional specimens in a batch, three were loaded at room temperature without
prior heating, while the remaining four were subjected to long term environ-
mental heating conditions as indicated in Fig.6, and subsequently loaded at
room temperature. It will be noted from Fig.6 that while specimens subjected
to leng term environments were subsequently tested at room temperature and at
elevated temperature, those subjected to short term environments were tested at

the envirommental temperature only, This programme was carried out on each of

the four batches.



4.2 Tensile tests

4.2.1 Tensile tests without environmental heating

The proof stresses, ultimate stresses and Young's moduli measured in
the room temperature tensile tests are given in Tables 5 and 6; each value
shown is the mean derived from four specimens taken from the same casting. A
typical room temperature stress—strain curve is shown in Fig.7. Mean values
of the measured properties for each batch and each manufacturer are shown in
Table 7. The coefficients of variation for each manufacturer and the overall

coefficient of variation are also shown in this table and have been derived

s = loo ’2(1: - 10
e n

X

using the formula:-

where v = coefficient of variation expressed as a percentage, x an

individual test result x = mean value of %X, and n = the number of test

results.

4.2,2 Tensile tests after environmental heating

The results of tensile tests on specimens which have been subjected to
environmental heating are given in Table 8 for long term environments and in
Table 9 for short term environments; each tabulated value is the mean derived
from four specimens taken from the same casting. Typical stress-strain

curves for various environmental conditions are shown in Fig.7.

Table 10 illustrates the effect of long term environments on the tensile
properties both at room temperature and at the envirommental temperature., In
Table 10, the properties quoted for specimens subjected to long term
environmental temperatures are the mean of all the corresponding results in
Table 8, while the room temperature properties are the corresponding means from
Tables 5 and 6. Table 11 has been prepared similarly to illustrate the effects

of short term environments on the tensile properties; in this case, the

relevant properties were derived from Tables 5, 6 and 9.



Table 12 summarises the results of Tables 10 and 11, and expresses the
effects of environmental heating on the ultimate tensile stress and 0.1%
proof stress as 'heat factors' and 'recovery heat factors'. For the ultimate

tensile stress, these factors are defined as follows:-—

Ultimate tensile stress of heated material
Heat Factor for _ at the environmental temperature
Ultimate Tensile Stress Ultimate tensile stress at room
temperature prior to heating

Ultimate tensile stress at room
temperature after heating

Ultimate tensile stress at room
temperature prior to heating

Recovery Heat Factor
for Ultimate Tensile
Stress

The factors for 0.1% proof stress are defined similarly.

The variation of long term environmental heat factors for the 0.17 proof
stress and the ultimate tensile styess are illustrated in Figs.8 and 9
respectively, while Fig.1l0 shows the variation of Young's modulus with long term
environmental temperature. Figs.ll to 13 show the corresponding variations

for recovery properties. For short term environments, the variation of the heat
factors for the 0.1%7 proof stress and ultimate stress with environmental
temperature are shown in Fig.l4, while the effect of environmental temperature

on Young's modulus is shown in Fig.15.

4.3 Torsional tests

4.3.1 Torsional tests without environmental heating

Table 13 gives the torsional proof stresses, ultimate stresses and shear
moduli derived from torsiomal tests on the unheated material. The mean values
and coefficients of variation derived from Table 13 are shown in Table 14. A

typical torsional stress—strain curve is presented in Fig.lé.

4.3.2 Torsional tests after envirommental heating

The results of the room temperature torsional tests after environmental
heating are given in Table 15. The recovery heat factors derived from
Tables 14 and 15 are given in Table 16. The variation of recovery heat factors
and shear modulus with environmental temperature are shown graphically in

Figs.l7 and 18 respectively.
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4.4 Comments on results

1t should be noted that at several points in Tables 5, & and 8 results
are not quoted, and, where possible, a reason for the absence of any
particular value has been recorded. However, this Report describes an
experimental programme conducted over a long period by a number of investi-
gators, and not all the reasons for such omissions were recorded. " In the case
of castings P5 and P44, tensile specimens which had been subjected to
long term environmental heating failed at an elongation of about 1%, (see
Table 8) and therefore the 0.57 proof stress was not reached before ultimate
failure of the specimen. Other tensile specimens, which were to be tested at
elevated temperature, overheated in the area of an inclusion (see section 4.5)
and therefore the results have been omitted. Apart from the overall shortage
of values of elongation percentage at elevated temperature, the majority of
missing values in Table 8 occur for specimens extracted from material
supplied by manufacturer B, which was also found to contain a larger number
of inclusions. The distribution and effects of such inclusions are discussed

in detail in section 4.5.

Because of the scatter in material properties, in some cases the
experimental evidence justifies only tentative conclusions about the effects of
environmental heating as, for example, in Fig.l0 which illustrates the values
of Young's modulus measured at the various envirommental temperatures; in
this case it was not possible to draw a curve which was consistent with all the
experimental evidence. In Figs.l4, 15 and 18 curves have been drawn as chain
lines because of the small number of test results. Individual experimental
results have been recorded in all figures, and in deriving the curves it has
been assumed that the properties of the casting are not greatly affected by

small temperature changes in the region of room temperature.
4.5 Inclusions

It has already been noted in section 2 that the castings contained
inclusions, which were revealed during the machining of test specimens. Such
inclusions were also observed on the fracture surfaces of temsile and
torsional specimens from all batches; two such inclusions, which were
revealed on tensile fracture surfaces are illustrated in Fig.19. Inclusions
varied in length up to about 5 mm and were generally in the form of flakes
of foreign material, such as magnesium oxide or magnesium silicate, sometimes

associated with a void of smaller size; these compounds are known to occur
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if insufficient precautions are taken when preparing magnesium sand castings.
In general, in material supplied by manufacturer B, the inclusions were both
larger and more numerous than in material supplied by manufacturer A; batch 2

supplied by manufacturer B was observed to be inferior in both these respects.

Inclusions are likely to give rise to the early onset of plastic flow
in the surrounding material and cause an effective decrease in cross-sectional
area if they are unable to carry load. However, inclusions such as those
observed in this programme would be capable of sustaining some load and thus
the effective reduction in area would be less than the cross-sectional area of
the inclusions. Typical inclusions in this material varied considerably in

size as stated above but occupied of the order of 107 of the cross-sectional

area.

The values of Young's modulus and shear modulus were based on the
appropriate gauge lengths, and any localised effects of inclusions would thus
not greatly affect the results; any variations caused by inclusions would
therefore probably be masked by scatter due to other causes which is generally
associated with sand cast light alloy materials. Such scatter will be discussed
further in section 5.1. The tensile and torsional proof stresses were also
based on the appropriate gauge lengths and therefore localised variations in
strain would again give rise to smaller variations in overall strain; such
variations in overall strain correspond to very small variations in stress
becaugse of the low tangent modulus observed after the onset of plastic flow,
As a result any effect on the tensile and torsional proof stress, caused by

inclusions, would alsc be masked by the normal scatter of the material.

Ultimate failure of & temsile or torsional specimen will cccur when the
plastic strain at any point reaches its maximum value. Thus if the specimen
contains an inclusion, failure will occur 1in the area of high localised strain
surrounding the inclusion, before the overall strain has reached the expected
failing strain. As a result the measured percentage elongation will be lower
than that of a specimen containing no inclusions. However the ultimate stress
will not be greatly affected because of the low tangent modulus, as mentioned

above,

Such a reduction in percentage elongation, will be evident, for example,
from the comparatively low values of elongation quoted for batch 2 from
manufacturer B in Table 6. As mentioned in section 4.4 this batch contained

the greatest number of large inclusions. Compared with the overall average
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elongation of 6.26% quoted in Table 7 the mean elongation of specimens having

visible inclusions on their fracture surfaces was found to be 2.5Z.

The presence of inclusions also affected the observed properties in
tensile tests conducted at elevated temperature. (This will be discussed
further in section 5.2.). In such tests the specimens were heated by passing a
constant direct current, and an inclusion would cause a local increase in
resistance which would cause a proportional rise in temperature. Such over-
heating would go unobserved unless it occurred near a thermocouple, or unless
1t was sufficient to cause a colour change at the surface of the specimen.
Where the effect was observed the results of the tests have been omitted
(cf. section 4.4). Where the effect was unobserved the applied environmental
temperature might have been too high locally in the specimen, but in a manner
which could not be controlled. This would have caused a larger scatter in the
value of any mechanical property which is sensitive to this effect, while the
derived mean for such properties would be typical of a slightly higher
environmental temperature. It may be noted that this effect was observed, in
specimens from castings Pl4, P58 and P80 which gave the lowest elongations

at room temperature (see Table 6).
5 DISCUSSION

5.1 Room temperature properties

The results given for tensile and torsional properties in the summary
Tables 7 and 14 show that the differences in mean strength and stiffness
properties between batches supplied by a single manufacturer were small, being
less than 6.17. However the differences in mean properties between castings
supplied by different manufacturers were significantly greater, being, for
example, 8% between the 0.17 tensile proof stresses and 117 between the
ultimate torsional stresses. It should be noted that the 0.17 tensile proof
stresses for both batches supplied by manufacturer A were found to be below
the minimum value quoted in the specification (see Table 2). However, it is
generally accepted3, that the mechanical properties of light alloy castings
may differ unfavourably from the value quoted for a test bar in casting
specifications, since specification values are based on specimens extracted
from cast test bars of an idealised section; methods of strength approval for
aircraft castings, which will usually be of differing geometry, make allowance

for this possibility.
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The scatter in the mechanical properties of cast materials is due
primarily to the random size and orientation of the crystal grains which
result from the way in which the melt flows into the mould and solidifies;
extrusion and rolling processes which are employed in the production of other
forms of metallic material tend to introduce scme degree of grain orientation
and uniformity of grain size. It is mainly for this reason that the scatter
in properties of sand cast light alloy materials is generally higher than that
of wrought metallic materials. The coefficients of variation of the 0.1% proof
and ultimate temsile strengths of sand cast magnesium alloys generally lie
within the range 7% to 21%4’5. It will thus be noted from Table 7 that, in
spite of the presence of a large number of inclusions in the material, the
overall coefficients of variation for the 0.17 proof and ultimate tensile

strengths of the castings tested lie at the lower end of this range.

It is of interest to compare the material supplied by manufacturers A
and B. Table 14 indicates that the mean values of torsional proof stress,
ultimate stress and shear modulus of unheated specimens, were greater by
15%7, 12% and 2% respectively, in B's material, while the coefficients of
variation were very low, being 3.89% and 1,99% for the torsional proof and
ultimate stresses and 2.597 for the shear modulus. From Table 7 it may be
seen that while the 0.1%, 0.2% and 0.5% tensile proof stresses were more than
67 greater for material from manufacturer B, the ultimate tensile stress and
Young's modulus were 2.5% and 1.57 lower, and the percentage elongation was
387 lower. As discussed in section 4.5 this large difference in percentage
elongation appears to be due to the larger number of inclusions in B's

material.

It may also be seen from Table 7 that the coefficients of variation for
the 0.27 tensile proof stress and ultimate tensile stress for material from
any single batch were greatest for batch 1 of A's material, being 7.67Z and
10.857 respectively; the corresponding overall values for specimens from all

batches were 7.05% and 9.52%.

5.2 Effects of environmental heating

Only specimens subjected to long term environmental heating were
subsequently tested at room temperature. It may be seen from Figs.11l, 12, 13,
17 and 18 that all the room temperature properties, apart from shear modulus,
were virtually unaffected by the applied long term environments up to a

temperature of about 15000; only shear modulus, 0.1% proof and ultimate
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tensile stresses were significantly affected by temperatures between 150°¢C
and 200°C. For example the shear modulus had fallen to about 85% of its
original value after heating at 170°C and the 0.1% proof and ultimate tensile
stresses had fallen to about 907 of their original values after 1000 hours at
200°c, Figs.1l and 12 also show that the time for which a specimen is
subjected to a given environmental temperature has considerable effect on the
0.1% proof and ultimate tensile strengths at room temperature. For example,
at 200°C the 0.1% proof stress fell to 887 of its original value after

1000 hours, compared to 977 after only 200 hours.

At both long and short term environmental temperatures, the heat effect
was determined more by the test temperature than by the length of time for
which the material had been subjected to that temperature. This may be seen
for long term environments 1in Figs,8, 9 and 10 for short term environments in
Figs.l4 and 15:; at 120°C the 0.1% proof stress, ultimate strength and Young's
modulus had fallen to about 88%Z, 767 and 967 respectively of their room
temperature values. At environmental temperatures above 1200C, the 0.17 proof
and ultimate stresses continue to fall to about 657 and 55Z respectively at
200°C. At short term environmental temperatures between 200°C and 300°C the
fall in tensile properties become more pronounced, so that at 300°C, the
Young's modulus was 70% of its original value while the 0.l7 proof and ultimate

strengths were only 40% of their room temperature values,

The results of tests conducted at elevated temperature show higher scatter
in properties than the results of room temperature tests (see also section 4.4);
this was particularly noticeable at the higher envirommental temperatures. For
example, the values observed at short term environments B3 and B4 in Table 9
vary by up to 100%Z. Because of this scatter, and the limited number of speci-
mens subjected to each environmental condition, only a general indication of the
effect of elevated temperature environments on the mechanical properties may be

deduced.
6 CONCLUSTONS

This Report has described an exercise to evaluate the mechanical
properties of magnesium alloy sand castings to specification DID 5025, and to
determine the effect of both long and short term elevated temperature environ-
ments on such properties. Tests were carried out on four batches of castings,
supplied by two different manufacturers (designated A and B). Considerable

numbers of inclusions were observed, these first being revealed during
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specimen machining, and subsequently being observed on the fracture surfaces.
Manufacturer B's material exhibited advantageous room temperature mechanical
properties. Nevertheless it is unlikely that material such as that supplied by
manufacturer B would be accepted for class I castings im aircraft applications,
since the defects would be detected in the standard approval procedure by

break-up tests or by more extensive radiological examipation.

The application of long term environmental heating periods in general
caused reductions in the room temperature mechanical properties, although
such reductions were in many cases only slight for environmental temperatures
below 120°C. For higher environmental temperatures the effects were more
pronounced, for example a 10% reduction occurred in the 0.17% tensile proof
stress after 1000 hours at 200°C and a 15% reduction occurred in the shear

modulus after heating at 200°C for either 200 hours or 1000 hours.

At all envirommental temperatures, the reduction in mechanical properties
was greater, being affected more by the test temperature than by the time for
which the material had been subjected to that temperature; for example, the
ultimate tensile strength was reduced to about 557 of its toom temperature
value at 200°C for both long and short term envirommental heating periods, and

. o .
to about 40% of its room temperature value at 300 C for the short term environ-

mental heating period.
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Table 1

CHEMICAL COMPOSITION OF CASTINGS -

FROM SPECIFICATION DID 5025

Per cent
Element

Min Max
Silver 2.0 3.0
Total rare earth metals 1.2 2.0
Zirconium 'available' 0.1 1.0
Zinc 0.2
Manganese 0.15
Copper 0.03
Silicon 0.01
Iron 0.01
Nickel 0.005
Magnesium | the remainder

Table 2

MINIMUM MECHANICAL PROPERTIES OF TEST BARS -

FROM SPECIFICATIOQON DTD 5025

0.1%Z proof stress | Tensile strength | Elongation percentage

10.0 tonf in 2 15.5 tonf in 2 47

(154.4 MN m2) (239.4 MN m %)




Table 3

LONG TERM ENVIRONMENTAL HEATING CONDITIONS

Reference Temperature Time

number o¢ h
Al 120 200
A2 120 1000
A3 120 10000
A4 120 20000
A5 150 200
Ab 150 1000
A7 150 10000
A8 150 20000
A9 170 200
AlO 170 1000
All 200 200
Al2 200 1000

Table 4

SHORT TERM ENVIRONMENTAL HEATING CONDITIQNS

Reference Temperature Time

number ¢ 5
Bl 150 30
B2 200 30
B3 250 30
B4 300 30
B5 200 300
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Table SA

ROOM TEMPERATURC TONSION TESTS - MANUFACTURER 4 (S.I1. UNITS)

0,17 proof | C.2% proof | 0.5% proof | Ultimate{ Young's |[Percentage
Casting stres stress stress stress modulus {elengatian

MY MY ™2 M m2 M¥ m @ n 2 4

6100 132.7 148.9 177.6 245.9 L5.8 6.3
6495 164, 5 180.7 217.3 27h.9 48.1 89
&h96 162,0 177.6 207.0 253.0 7.4 6.8
697 162, 1 171.4 205.4 257.9 L6,.7 L.3
6578 150.3 162,5 201,59 207,2 L4.5 5.7
6503 160.2 176.2 203.7 256.4 L5.¢ 8.0
6681 1047 168.7 190.3 252,1 45,0 2.3
Batch 1 5103 Ul Yy 157.5 185.3 2641 45.5 9.5
s1ch, 143.0 162,9 190.7 257.8 7.5 10.1
6106 150.0 1646 192.3 240.3 50.2 6.5
6198 143.8 158.3 195.8 206.5 39,6 L3
6501 166,2 182.7 215.1 265,0 Ig.6 6.3
6584 153.8 167.4 196,6 218.7 L7.6 5,0
6108 1441 158.3 18L.4 2346 45,1 5.5
6502 164.9 180.7 178.5 268.0 L3.9 9.8
hEBS 151.5 164,0 191.4 PL3,9 8.5 6.5
6250 151.8 174 133.8 266,0 L6 8.5
255 158.5 175.0 196,1 27h.9 48,6 13.3
6258 156.0 167.0 1946 2644 46,9 Sels
£260 155.4 1711 197.7 271.8 L7.3 10,8
725 155.2 167.4 194.4 269.2 L6.8 9.4
7028 150,9 165, L 193.1 257.6 L7.2 8.9
7029 44,7 160.3 187.2 260.5 45,2 11,1
Batch 2 5110 1384 1582.6 182.9 259,9 46,2 12,3
6112 137.0 150.1 177.6 2554 50,0 10,0
8257 148.3 166.0 185, 0 250.5 3.2 6.0
6262 149.3 163.9 - 220,9 43.0 5.3
7031 145.9 160.5 189.2 24,0 47.2 6.0
7033 147.5 160,2 187.6 249.4 Lh,7 6.4
6263 160,0 173.9 200,53 265.0 L4.9 6,5
7034 thh, 6 162.8 190,9 261.0 43.9 6.8
7035 152.4 167.3 1944 232,9 L8.1 7.0

* Not measured




ROOM TEMPERATURE TENSION T&STS- MANUFACTURER A (IMPERIAL UNITS)

Table 5B

0.1% proof | 0.2% proof { O.3% proof | Ultimate | YOUnE'S| ponsentage
Casting stress stress stress stress moduliys
tonf tn2 | tonf gn® | tenf in2 | tenf 12| xqp elongation

bt 12 %
6100 8.59 9.64 11.50 16.18 6.64 3.3
6095 10.65 11.70 14,07 17.80 6.98 8.9
6l96 1C.49 11,50 13.40 16,38 6,88 6.8
6497 10,50 11,10 13,30 16,70 6.78 4.3
6678 9.73 10,52 13.07 14,71 6,46 5.7
6503 10,37 1.4 13.19 16,60 6.65 8.0
6681 9.37 10.92 12,32 15,32 6.52 9.3
Bateh 1 6103 9.35 10,20 12,00 17.10 6,60 9.5
6104 9.65 10.55 12,35 16.69 6.39 1.1
6106 .71 10,66 12,45 15.56 7.28 6.5
6498 9.31 10.25 12.08 13.38 5.75 L3
6501 10.76 11.83 13.93 17.16 7.20 33
6684 9.96 10,84 12,73 16,10 6,90 5.0
6108 9.33 10,25 11.94 15.19 6.54 5.5
6502 10. 63 11.70 11.56 17.35 6,36 5.8
6685 9.81 10 62 12.39 15.79 7.03 6.5
6250 3.83 10.84 12,55 17.22 6.75 8.5
6255 10,26 11,20 12,70 17.80 7.05 13.3
6258 10.19 10.81 12,60 17.12 6,80 5.4
€260 10,06 11.08 12.80 17.60 6.86 10.8
7025 16,05 10,84 12,59 17.43 6,79 9.4
7028 9.77 10.71 12,50 17.33 6,85 B.9
7029 9.37 10,38 12.12 16.87 6.56 11.1
Batch 2 6110 8,96 9.88 11.8L 16.83 6.70 12.3
6112 8.87 9,72 11.50 16,43 7.25 10,0
€257 9.60 10,36 11.98 16,22 6.26 6.0
€262 9.67 10.61 - 14.30 7.11 5.3
7031 9.45 10,39 12.25 15.80 5,85 6.0
7033 9.55 10.37 12.15 16.15 6.49 6.4
6263 10.36 11.26 12,97 17.16 6.51 6.5
7034 9,60 10,54 12,36 16.90 .36 6.8
7035 9.87 10.83 12,59 15,08 6.98 7.0

* Not measured
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ROOM TEMPERATURE TENSICON THSTS - MANUFACTURER B

Table 64

(s.I. UNITS}

0,1% proof | 0.2 proof | 0.5 proof | Ultimate | Young's | Percentage
Casting stress stress stress stress modulug | elongation
M m2 MY m2 My m® M m=2 | em? %
P4 176.5 191.5 217.8 264,59 45.0 5.9
o] 170.7 177.1 207.6 260.4 45,6 5.9
P5 170.5 185.3 211.9 266,9 45,4 6.0
P11 167.3 191.4 208.5 241.7 L4, 0 3.5
P14 166,0 180.1 207.0 2h1.1 L0 2.3
P26 164.6 178.5 2043 250,8 L5 4.7
©36 151.4 175.7 200.2 25,0 45,0 7.4
Ratch 1 P50 163.4 175.1 201.9 260.4 L).B 5.7
P53 - NG RESULTS AVAILABLE - - -
PS 159.8 176.2 211.4 265.0 4B8.7 6.3
P16 165, 1 177.9 206,6 252.5 43,7 6.0
P23 166.0 179.6 206,6 2451 44,9 3.4
P57 165.1 180.1 206,8 2487 L4.3 2.8
P17 163.7 178.7 202.6 2462 L7.4 6.8
P30 166,2 180.7 209,3 249.3 L6.7 5.8
P33 164.8 178.8 207.3 247.6 48.1 L3
P3l 165, 4 183.2 208.3 255.0 45,2 5.4
F20 158.3 176.1 192.1 238.9 47.6 3.2
Figy 161.1 176. 1 201,1 2h7.4 45.0 5.9
P51 163.1 180.4 20k, 6 263.5 454 7.3
P58 162,0 179.0 205.9 240.3 L6.1 1.3
P65 167.7 183.8 210,5 239.5 43,8 3.6
P&3 163,6 174.8 2054 215.0 L3 5.8
Batch 2 F75 163.9 177.6 204.5 247.6 bh.5 3.9
P80 169.4 182,9 211,3 237.8 L,y.8 2,2
P2y 162,3 177.9 207.9 256.5 Le.7 7.0
L7 158,6 173.3 200.9 22,6 45.2 2.9
PGh 163.6 178.1 206.6 251.9 L5.3 6.5
P2 165.1 181.8 210.4 28.4 L7.2 2,7
P67 162,2 176.4 206.6 228.1 50,9 3.5
P73 164.5 178.4 2.2 229.3 L8.2 5.5
P78 162,0 175.1 2043 219.0 47.2 4,5




ROOM TEMPERATURE TENSION TESTS - MANUFACTURER B (IMPERIAL UNITS)

Table 6B

0. 1% proof | 0,2% proof | 0,5% proof | Ultimate Parcentage
Casting stress stress stress stress elongation
tonf in2 | tonf In™2 | tont in"2 | tent in? @
Pl 11.43 12.40 1410 17.15 6,52 5.9
P1 11.05 11.47 13,44 16,86 6.62 5.9
P5 11,04 12,00 13,72 17.28 &.53 6.0
P11 10,83 12.39 13,50 15.65 6.38 3.5
Fih 10,75 11.65 13.40 15.6% 6,38 2.3
P26 10,66 11.56 13.23 16,24 €.L5 L7
P36 10,45 11,38 12,96 16,77 6 52 7.k
Bateh 1 P50 10,58 11,34 13,07 16,86 €. 50 5.7
P53 - - NO RESULTS AVAILABLE - -
PG 10.35 11.041 13.69 17.16 7. 06 6,3
P16 10, 69 11.52 13.38 16.35 6.34 6.0
F29 10.75 11.63 13.38 15.87 6.51 3.4
P37 10.69 11.66 13.39 16,10 6,43 2.8
P17 10,60 11.57 13.12 15.94 6.87 6.8
P30 10,76 11.70 13,55 16. 1k 6.77 5.8
p33 10,67 11,58 13,42 16,03 6.98 4.3
P3l 10,74 11.86 13,49 16,51 6.56 5.4
P20 10.25 1t.40 12,1y 15,47 6,90 3.2
PL4 10,43 11.40 13,02 16,02 6.53 5.5
r51 10.56 11.68 13.25 17.06 6.58 7.3
P53 10,19 11.59 13.33 15,56 .68 1.3
P65 10,86 11.90 13,63 15,51 6.35 3.6
PES 10 = 11.32 13,30 13,92 6,43 5.8
Batch 2 P75 10,61 11.50 13,24 16,03 6.45 3.9
F80 10.97 11,84 13,68 15.40 6,50 2.2
P24 10.51 11,52 13.46 16. 61 6.78 7.0
P47 10,27 11,22 13.0% 15,71 £.56 2,9
P65 10. 59 11,53 13.38 16,31 6,57 6.5
P72 10, 65 11.77 13.62 16,15 .85 2.7
F&7 10,50 11.42 13,38 14,77 7.38 3.5
P73 10,65 11.55 13.09 1h.85 6.99 5.5
P78 10,49 11.34 13.23 14.18 6.85 L.5
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Table 74
MEAN VALUES AND COEFFICIENTS OF VARIATION OF TENSILE PROPERTIES (S.1. UNITS)
Namber of '
specimens on Manu~ Batch 0.1% proot | 0.2% proof | 0.5% proof | Lltimate | Young's | Percentage
which value faoturer sr.reizs strefg szresg strefg modulléls elongation
MN m MY m MY m™ MV m N m %
is based
5l A 1 1527 167, 7 195.2 250.0 L6.3 7.05
o4 A 2 15C,0 163,9 121,.0 257.0 LE.6 B.36
128 A 1+ 2 151.4 165, 7 193.2 253.5 46,5 7. 70
50 B 1 166.0 180.4 207.3 253,3 454 5.12
&l B 2 153.2 178.4 203,2 2414 L&, L.45
124 B 1+2 164.6 1/.5 205,3 7.1 45,8 L.77
Mean values q seq 7 5 o8
259 211 batches 157.8 172.5 199.2 50.4 4.1 &.
Toefficients of
variatizn {7)
0.1% proot | C.2% proof | O.5% proof | Ultimate | Young!s | Percentage
Manu= Bateh stress stress stress stress modulus { elengatlan
feoctarer
&4 A 1 8.5k 7.67 6.63 10,85 9.80 | L9.70
64 A 2 5.26 L.78 3,65 6.5 5.21 3 3€.87
128 4 1+2 7.3 6,39 5.42 9.03 7.89 43,83
&0 B 1 L.72 Lub7 3.2 B.E6 L.Lg 55.28
64 B 2 3.81 4.17 L.o1 10,41 6,19 62,90
124 3 1+2 4,36 L, 3.70 9.81 .45 | .35
a5 All batches 7.66 7.05 5.89 g.@ 6.96 55,40




MEAN VALUES OF TENSIIE PROPERTIES (IMPERIAL UNITS)

Table 7B

0.1% proot | 0.2% proof | 0.5% proof | Ultimate Youngts
Manufacturer | Batch stress stress stress stress mogulus
tonf 112 | tonf in™® | tonf In"2 | tonf in” 107° 1br 1072
A 1 9.89 10,86 12,64 16.19 6.72
A 2 9.71 10,61 12.37 16. 64 6.76
A 1+2 9.80 10.73 12.51 16,541 6.7
B 1 10,75 11,68 13.42 16,40 6.5
B 2 10.57 11,59 13.16 15,63 6,69
B 1+2 10,66 11.62 13.29 16,00 6.64
Mean values
all batches
0,22 N 12,90 16.21 6.
based on 552 1 11.17 9 &9

specimens

23
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Table 84

LONG TERM ENVIRONMENTAL TENSILE TESTS (8.1, UNITS)

Envirenmental Test 0.1% proof| 0.2% proeof| 0,55 pruef | Ultimate] Toung!s| Percentage
Casting a1t diet stress stress stress stress | modulus|elongatian
con o con on My m 2 MN m=2 MY o2 MY m2 | o¥ n2 %

6495 12,7 162,9 172.7 212,8 35.8 31.9
6255 A BTf- 46,1 154.9 1674 208.5 34.3 30.8
F1 140.7 149.7 157.2 169.1 L1.5 -
P20 47,5 19,2 170.2 184.9 k2,7 -
eL55 ) 163,54 181.2 209.3 277.7 L7.1 14,18
6255 41 RT 158.8 175.7 200.0 278.0 Le.3 6.95
F1 167.9 178.5 205.9 264.,1 9.0 4.88
P20 168,3 183.2 210.0 268.4 L6.9 L.78
S496 153.4 162.6 176.1 211.6 41,6 22,0
6258 1 ET 139.2 149.2 160,6 194.3 38.4 21.4
P5 146.6 154.8 161.4 175.1 4.2 -
PLY 1344 14,1 146.1 154.9 42,9 -
bLIE 165.1 183.8 210,8 257.1 L7 4.3
6258 40 RT 157.2 171.4 196.9 271.8 ka3 13.7
P5 171.0 187.3 - * 25h.6 Lé.3 0,85
PL; 166.0 180.5 - 231.0 47.2 1,05
6L97 1 150,1 157.8 173.6 195.8 3.0 -
6260 A3 ET 137.6 146.3 154.8 183.9 43.7

211 ﬁ - NO RESQULTS AVAILABLE = -

P51 150.1 16Q,0 1711 185.5 L7.c

8497 165.9 178.2 204, 6 261.5 L7.4 9.3>
6260 83 RT 156.5 171.8 199.7 267.6 46.9 9.7
1 163.7 177.0 195.1 2321, L6, 6 1.8
P51 166,8 181.5 208.5 219.3 50,3 1.4
E678 136.4 14h6.6 1844 179.0 4t 7 -
7025 Al ET 141.3 1504 159.8 185.9 1.0 -

z;g - SPECIMENS OVERHEATED AT INCLUSIONS -
6678 158.5 173.3 201.2 245.7 .2 5.7
@5 Al RT 12,1 164.3 191.2 2%.8 W, 5 €.8
Pk 170.8 185.5 206.0 28,7 Lt 1 3.0
P53 167.7 180,7 206.6 24,1 L5.4 7.5

# ET = Tlevated Temperature
RT = Roor Temperature
*® Not achieved due to low slongation
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Zapls &
LONG_TERM ENVIRONMENTAL TENSILE TESTS (IMPERIAL UNITS)
Young's
0,1% proof| 0.2% proof! 0.5% proof | Ultimate Percentage
casting E”gm‘:’;_lm cor?:fzion stress stress_ stress stress | mo&;h;ilés elongation
tonf {n tont in tonf in tonfin |5 " o e
1bf ir
6195 9.89 10,55 11,18 13.78 5.19 31.9
6255 A1 BT 9.46 10,03 10,81 13.50 | L.97 30.8
P1 9.1 9.68 10,18 10.95 6,02 -
P20 9.55 10.31 1.2 11.97 6.20 -
eLgs 10,85 1.7 13,55 17.98 6.83 14.18
6255 At RT 10,28 11.25 12,95 18.00 6.71 6.75
F1 10.87 11.56 13.33 17.10 7.10 L.88
=20 10,90 11.86 13.60 17.38 6.80 L.78
6L96 $.93 10.53 11,40 13.70 6.04 22,0
6258 1 BT 9,01 9,66 10,40 12,58 5.57 2.4
P5 9,15 10,02 10,45 11.34 5.98 -
Pl 8.70 9,33 9.46 10,03 6.22 -
6496 10,95 11490 13,65 16.65 6.48 14.3
6258 2 a7 10,18 11.10 12,75 17,60 6.1h 13.7
P5 11,07 12,13 - % 16,81 6,72 0.95
PLL 10.75 11.69 - 14,96 6.84 1.05
6La7 9.72 10.22 11,24 12,68 6,2% -
8260 X T 8.91 9.47 1c.02 11.91 6.34 -
P14 - NO RESULTS AVAILABIE = - -
P51 9.72 10,36 11,08 12.01 6.81 -
6L97 10.74 11.54 13.25 16.93 6.88 9.3
6260 It AT 10.13 11.13 12,93 17.33 6.80 9.7
P11 16.60 11.46 12.63 15,05 6.76 1.8
F51 10.80 11.75 13.50 1k.20 7.30 1.4
6678 .83 9.8 10,00 11.57 6,05 -
7025 } m ar 9.15 9.7 10.35 12,04 | 5.95
g;g - SPECIMENS OVERHEATED AT INCLUSIONS -
6678 10.26 11,22 13.03 15.91 6.41 5.7
75 Al RT 9.85 10,64 12,38 16.82 6.45 6.8
P14 11.06 12.01 13,34 16,10 6,68 3.0
F58 10.86 11.70 13,38 15,61 6,53 7.5

* Not achieved due to low elongation
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Table BA {Cont'd}

LONG TERM ENVIRONMENTAL TENSILE TESTS (3,1, UNITS)

0.1% proof |0.2% proof |0.5% proof | Ultimate| Young's | Percentage
Casting Envirconuental Test stress stressg stress stress | modulus | elongation
condition condition MN m"'e MN m—E N m"2 MN m N m <
6503 121.9 135.9 150.0 180.4 36.1 -
7028 a5 g7 134.8 146 6 155.2 181.2 | 3.6 31.9
P26 1247 147.8 156.9 171.1 Lo,8 -
P65 133.1 138.4 Uk, 7 154,3 39.4 7.8
6503 158.0 170.7 17h.4 250,7 43.1 9.7
7028 156, 5 169.9 196.1 268.0 bbb 7.2
P26 A5 RT 163.4 1781 202.8 250,2 | 4L.3 7.0
P65 1707 183.3 211.6 250,0 45,0 6.8
6681 11,7 118.5 122.2 130.8 L1.h 7.0
7029 111.0 120,0 126.3 145.8 39.2 -
P53 46 BT - - NO RESULTS AVAILABLE - -
PES 130.8 139.3 145.2 1527 41.0 -
6681 157.8 170.7 195.1 2622 L7.0 7.3
7029 A6 BT 151.8 165.6 1941 2564 L48.0 E.B
P53 167.6 182.9 211.9 253.9 L3 5.5
F 68 170.4 185.7 - 241.7 - 3.0
6103 116.9 126.6 131.1 18,7 41.6 11.8
6110 0 - 1.2 122,2 126.2 146.4 38.2 9.8
P36 b - ©  NO RESULTS AVAILABIE - -
P75
6103 145.3 158.8 193.8 2619 46,1 11.2
6110 142.9 154.0 179.5 258.4 h6.1 8.6
P36 A7 RT 158, 3 171.3 195.4 250,8 | 445 4.7
P75 155.8 170.7 195.1 240.6 45,2 9.6
6104 w27 | 1373 we | 155 | o -
6112 A8 ET 119.5 127.6 1324 19.5 40,1 -
P50 - - MO RESULTS AVAILABLE - -
P80 - SPECIMENS OVERHEATED AT INCLUSIONS -
610 149.8 161.2 187.3 255.1 46.5 L.5
6112 B RD 137.3 109.8 175.3 240.9 Ly, c L.6
P50 163.4 17h.5 198.6 219.9 W74 k.1
P8O 1.5 172.7 215.6 220.2 46,0 b2
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Jable 88 (Conttd)
LONG TERM ENVIRGNMENTAL TENSILE TESTS (IMPERIAL UNITS)
0.1% proof | 0,2% proof |0.5% proof |Ultimate | Y OUBE'S | parcentage

Casting |Enviromental | Test stress stress stress stress | MOUIYS | o1 ongatian

condition condition ton? m—e tant m‘E tonf m‘Q tonf i % 10 > %

ibf ir

6503 7.89 8.80 9.71 11,68 5.23 -
7028 45 BT 8.73 9.49 10,05 1. 73 5.75 31.9
P26 8.2 9.57 10.16 11.08 .92 -
P65 8.52 8.96 9.37 9.99 BN 7.8
6503 10,23 11.05 11.29 16,23 6.25 S 7
Tes A5 RT 10,13 11.00 12. 70 17.35 6,04 7.2
P26 10.58 11.53 13.13 16.20 6,43 7.0
P&5 11.05 11.87 13,70 16,19 &.53 5.8
6681 7.23 7.67 7.91 8.47 6,00 7.0
7029 16 - 7.19 7.77 8.18 9.4 5.69 -
P53 - - NO RESULTS AVAILABLE - -
P68 B-LI-? 9.@ 9.1}0 9089 -9"4 -
6681 10,22 11.05 12, 63 16.98 6.91 7.3
7029 26 RT 9.83 10,72 12 57 16,60 6.96 5.8
P55 10.85 11,84 13.72 16,44 6.43 5.5
P68 11,05 12,03 - 16,59 - 3,0
6103 7-57 B.20 8.9 9.63 6,03 11.8
6110 A7 BT 7.20 7.91 8.17 9.48 5.5 9.8
P36 { - - NO RESULTS AVAILABLE - -
P75
6103 9.41 10,28 11,90 16.96 6.68 1.2
6110 l A RT 9.25 9.97 11.62 16.73 6,68 8.6
P36 J 7 10.25 11,09 12,65 16,24 | 6.45 b7
P75 10,09 11.05 12,63 15.58 6.55 9.6
6104 8.27 8.89 9.19 9.94 6,38 -
6112 18 - 7. 8.26 8.57 9.68 | 5.82 -
P50 - NO RESULTS AVAILABLE - -
P80 - SPECIMENS OVERHEATSD AT INCLUSIONS -
6104 9,70 10,44 12,13 16,52 6. 74 L.5
6112 A8 RT 8.89 9.70 11.35 15.60 6.38 L.6
P50 10,58 11.30 12,86 16,18 6.88 b
F80 10.33 11.18 13.96 14.26 6.67 L2
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Table 84 (Cont'd)
LONG TERM ENVIRONMENTAL TENSILE TESPS {S.I. UNITS}

0.1% proof | 0,20 proaf ]0.5% proof | Ultinate jYoung's | Percentage
Casting Enviremmental Test stress stress stress stress i1modulus | elangation
condition condition MY o2 " e M o2 My ] aN o2 @
6438 1 115.7 121.7 126,0 134.5 1.6 -
6262 " BT { 119.5 127.6 132.4 148.5 4o, 1 -
F16 122,5 128.8 131.7 155.4 Loy -
7 | 17.5 121,2 123,7 38,1 | 37.0 -
5438 164.3 17.0 202.2 251,7 L1 6.3
w2 } 9 AT { 138,2 151.0 177.9 239.8 L6.5 7.0
F15 149.7 163,4 190.3 238.9 L1 7.8
Fh7 162.0 177.0 203.6 254,2 46,1 2.1
6106 93.9 116.5 124.8 138.2 45.8
€257 ¥ A10 - [ sz 135.0 139.0 159,8 | 49.5
rg " l 125,9 134.2 139.0 154.6 42,0 -
P2l ) 135.4 137.3 137.5 153.2 11,0 -
6106 151.2 164.5 1914 263.3 L5.7 9.8
257 410 RT [ 167.9 182.9 211.9 257.0 | Lk.3 5.5
23] l 162.5 177.1 205.9 255. 1 L5.4 3.8
r2y 157.1 174.1 201.7 261.6 Ik 4.8
6684 120,2 127.1 138.2 146.3 L3.4 -
7033 } A1 . I 104.9 1110 117.7 129.1 43.9 -
P37 l 107.3 1.7 115.2 120.5 43.7 -
P72 111.8 115.4 119.5 123.4 43,4 -
668 19.1 172.2 198.9 248,0 191 5.8
7033 } 111 RT { 134.5 147.8 172.0 221,5 L1.2 6.1
P37 161.2 173.9 193,8 alg.2 45,5 5.1
PR 155.7 172.2 200.5 235.1 L5.6 9.0
6501 111.4 122,5 127.3 148.9 L4o.1 -
7051 } 212 BT [ 109.0 118.5 122,3 1441 2.8 -
P29 97.5 102.2 106.3 120.6 38,7 -
Pé6 91.3 95,0 100,2 112,6 40,6 -
6501 r 143.6 157.8 185.2 253.3 L 10,0
7031 139.8 152.4 177.8 229.8 L6.7 9.0
F29 } 12 RE { 97.8 1.2 106.3 120,6 | 38.7 -
PE6 136.8 155.4 177.6 228,6 50.3 3.8
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Iable 88 (Contid)
ONG TERM ENVIRONMENTAL TENSILE TESTS (IMPERIAL UNITS)
i
: Young's
0.1% proof |0.2% proof | 0.5 proof |Ultimate Percentage

E Tasring wnvironmental Test stress stress stress stress mmui 8 elongar.lon

' o conditden  jeondition | or in | tenf i | tonf in® |tent w2 |* 1% s

' 1bf in™" i
6198 745 7.88 8.16 8.7 6.03 -
6262 Ag ET 7-?}‘& 8«26 8-57 9-68 5-82 =
16 7.93 8.34 8.53 9.93 6.15 -
PL7 7.61 7.85 8.01 8.9 5.37 -
6198 10.64 11 59 13.09 16.30 6.39 6.3
6262 19 RT 8.95 9.78 11.52 15.53 6.7h 7.0
6 9,69 10.58 12,32 15.47 6.40 7.8
~ly7 10.49 1,46 13,18 16 L6 6,68 2.1
4108 & 08 7.54 8,08 B.95 6,6l -
£247 410 g 8.17 8.7L 9.00 10.35 7.18 -
g 8.15 8.69 9,00 10.04 6.09 -
Pely 8.77 8.89 8.90 9,92 5.95 -
3106 9.7 10,65 12,39 17.05 6,63 9.B
6257 A10 RT 10.87 11,84 13. 72 16.64 6.43 5.5
F9 10,52 11.47 13,33 16,52 6.58 3.8
P2l 10,17 11.27 13,06 16.90 .44 L.8
6684 7.78 8.23 8.95 9.47 6.29 -
7033 a1 ET 6. 79 7.19 7.62 B.36 6.37 -
P37 6.95 7.23 7.46 7.80 &.34 -
P72 7.24 7.47 7.74 7.99 6,30 -
568L 10 30 11,15 12.88 16.06 7.12 5.8
7033 A1 - 8.73 9.57 1,14 14,34 5.97 6.1
R37 10 44 1.26 12,55 15.94 6,60 2.1
P72 10,08 11.15 12,98 15,22 6,61 9.0
6501 7.21 7.93 8.28 9.64 5.82 -
70314 A z 7.06 7.67 7.92 9.33 6.21 -
P29 A1 T 6.31 6.62 6.98 2.81 5,62 -
P56 5.91 6,15 6.49 79 F.59 -
6501 9,30 10.22 11.99 16,40 6.40 10.0
7031 412 RT 9 05 3.87 11.51 14.88 6.77 9,0
v 6.33 6.62 6,58 7.81 5,62 -
=55 8.86 10,06 11.50 14,80 7.29 3.8
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Table 94
SHORT TERM ENVIRONMENTAL TENSILE TESTS (S.I. UNITS)

0.1% proof | 0.2% proof [0.5% proof Ultimate Young's

Castin Environmental stress stress stress stress modulus

asting | Londition -2 -2 -2 -2 -2
MN m MN m MN m MN m GN m
6108 115.7 135.1 143.0 159.2 40.5
6263 a1 143.5 152.0 159.5 178.4 41.5
P38 127.9 135.4 138.8 156.6 43.7
P67 139.0 144.6 153.1 158.6 43.8
6108 [ 109.0 115.4 125.9 140.1 42.5
6263 5o ) 126.0 131.0 139.2 140.5 41.4
P38 99.3 107.2 113.1 127.7 41.0
P67 L 109.5 117.5 121.7 132.0 42.1
6502 ] 90.0 96.5 104.7 129.7 34.4
7034 L 109.5 124.2 132.8 128.5 41.5
P17 i 69.7 77.1 85.9 101.3 33.5
P73 56.2 60.2 65.0 95.6 27.9
6502 ) 68.4 75.4 87.7 91.6 38.7
7034 — 88.5 95.4 94,2 88.3 41.2
P17 1 49.0 57.1 64.1 99.6 27.2
P73 40.8 44.2 47 .4 84.6 25.4
6685 99,3 107.0 112.1 130.8 32.9
7035 B5 98.8 114.0 128.2 136.4 35.3
P30 99.2 100.5 - 101.3 35,9




SHORT TERM ENVIRONMENTAL TENSILE TESTS

Table 9B

(IMPERIAL UNITS)
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* T
. . Young's
. 0.1% proof ] 0.2% proof [0.57 proof | Ultimate

Casting EHVIIOI}m?ntal stress stress stress stress modulus E

condition » 10-6 i

tonf in~2 tonf in~2 ronf in~2 | tonf in~2 1bf m“"z,

6108 7.49 8.75 9.26 10.31 5.88 !

6263 9.29 9.84 10.33 11.55 6.02 |
P38 Bl 8.28 8.77 8.99 10.14 6.34

P67 || 9.00 9.36 9.91 10.27 6.35 |

. i

6108 7.06 7.47 8.15 9.07 6.16

6263 , 4 8.16 8.48 9.01 9.10 6.01 |
$38 B2 6.43 6.94 7.32 8.27 5.95
P67 J 7.09 7.61 7.88 8.55 6.11
6502 | 5.83 6.25 6.78 8.40 4.99
7034 | 83 7.09 8.04 8.60 8.32 6.03
P17 4.51 4.99 5.50 6.56 4. 86
P73 J ] 3.64 3.90 4.21 6.19 4.04
6502 4.43 4.88 5.68 5.93 5.62
7034 i 5.73 6.18 6.10 5.72 5.97
P17 3.17 3,70 4.15 6.45 3.95
P73 2,64 2.86 3,07 5.48 3.68

6685 6.43 6.93 7.26 8,47 4.77 |

7035 BS 6.40 7.38 8.30 8.83 5.12 !
P30 6.42 6.57 - 6.56 5.21
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Table 104

SUtMARY QF MEAN VALUES - LONG TERM ENVIROMMENTAL TENSILE TESTS (5,1, UNITS)

. 0.1% proo! | 0.2% proof | 0.5% proof | Ultimate | Young's [ Percentage
-nvironmental Test stress stress stress stress | modulus | elongation
condition condition MN m'2 My m.g MY m MY 2 G m—2 o
Hone RT 162.9 176.7 205,86 2644 47.5 7.583
11 ET 46,7 156.8 167.0 193.8 36.6 31.35
4 RT 164.7 17.2 206.3 272.6 L7.3 7.70
one RT 1624 176.5 203.7 257.9 46,2 6.03
A2 ET 143.3 1527 161.1 183.9 41,0 21.73
&2 RT 165.9 180.9 203.8 255,0 45,2 7.50
ione RT 162.0 178.1 204.0 258,7 45.9 6.48
3 ET 145.9 154, 8 166.5 188,4 445 -
A3 RT 163,2 177.1 202,0 45,3 47.8 5. 55
Nene RT 158.5 172.4 202.3 2.5 Le.L 4,68
Aly &T 138.8 148.6 157.2 182,6 41,4 -
Ay ]T 162.3 175.9 2n1.2 248.8 45,0 5. 75
None RT 160,9 176.1 202,9 253.6 bs.4 6.30
45 ET 131.1 42,2 151.7 17,7 39.0 19.85
Ab RT 162,5 175.4 196.3 2547 LL.2 7.63
None RT 151.0 167.9 194.3 2425 L4 8 8.73
AG ET 117.8 125.9 131.3 1h3.2 L0.1 7.00
AG RT 161.9 176.2 200.3 253.6 Le.4 5.40
None RT 152,0 165.9 185,3 257.6 45.3 8.28
A7 vy 1.1 124,5 128, 7 1476 39.9 10.80
A7 RT 15C,6 163.4 188.4 253,0 45.4 8.53
None RT 154.8 167.7 195.4 25,5 46.8 7.00
AB ET 123,7 132,56 137.1 1515 2.1 -
A8 RT 152.6 16h.6 194.3 241,5 46.0 L.35




Table {0B

SMMARY OF MEAN VALIES —1ONG TERM ENVIRONMENTAL TENGIIE TESTS ({IMPERIAL UNITS)

Toungls

Q,1% proof | 0.2% proof |}0.5% proof | Ultimate Percentage
Envlr;lﬁ:ntal co:;:t . stress stress stress stress “:("‘:gl_gs elangation
condition @ | vont 102 | vent 1n® | conf m | vent m2| P o %
None RT 10.55 1144 13.31 17.12 £.89 7.83
A ET 9.49 10.15 10.81 12,55 5.60 31.35
At RT 10.73 11,60 13.36 17.65 6.86 7.70
None RT 10,52 11,43 13.19 16, 70 6,70 6,03
A2 ET 9.28 9.89 10,43 1.9 5.95 21,73
A2 RT 10.74 1,7 13.20 16. 51 6.55 7.50
None RT 1043 11.56 13.21 16.75 6.65 6.18
A3 ET 9.45 10,02 10.78 12.20 6,46 -
A3 RT 10.57 11.47 13.08 15.88 6 L9 5.55
None RT 10,26 11.16 13,10 15.83 6.58 L.68
Ay ET 8.9 9,62 10.18 11.82 6,00 -
Ay RT 10,51 11.39 13,03 16, 11 6,55 575
None RT 10 L3 11.40 13.14 16.42 6.58 6.30
A5 ET 8.49 9.21 9.82 11.12 5,65 19.85
A5 RT 10.52 11.36 12.71 16.49 6.41 7.68
None RT 9.78 10.87 12,58 15,70 6.50 8.7
A ET 7.63 B.15 8.50 9 27 5,88 7.00
A6 RT 10.48 1.1 12,97 16,42 6.73 5.40
Nane RT 9.84 10.74 12,00 16,68 6.57 8.28
A7 ET 7.39 8.06 8.33 9.56 5.7 10.80
A7 RT 9.75 10,60 12,20 16.38 6.5 B.R3
None RT 10,02 10,86 12.65 16.35 6.79 7.00
AB ET 8.01 8.58 8.88 9,81 6,10 -
A8 RT 9,88 10.66 12,58 15,64 6.67 L.35
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SUMMARY OF MEAN VALUES - LONG TERM ENVIRONMENTAL TENSILE TESTS (3.1, UNITS)

Table 104 {Conttd)

Enviramental Test 0,1% proof | 0,27 proof | 0.5 proof | Ultimate | Young's Percentage
condition condition strefg stress strefg stress modul.us elongation
N o MN m MY m MY m OGN m e
None RT 154,3 168,3 198,0 230,7 bl 4,63
e ET 118.8 124.8 128.5 1421 40,3 -
2 RT 153, 5 176.6 193.5 246.2 5.2 5,80
None RT 155.1 163, 7 198.9 255,0 47.2 6.45
410 ET 120.3 130.8 135.1 151.5 Li.6 ~
A10 RT 19,7 17h.7 202.9 293,2 45.0 5.98
None RT 157.8 172.4h 198.9 2h9.1 46.C 4,23
Als BT 111.0 116.3 122,6 129.9 L3.6 -
a11 RT 152.7 166,5 191.4 237.7 L5.4 6.50
None RT 160.5 175.3 204, 5 251.6 46,7 5.55
A2 ET 12,2 109,5 114.0 131,6 40,6 -
412 RT 129,6 141.9 161.7 208,0 45.0 7.60




Table 10B (Conttd)

SMPIARY OF MEAN VALUES — LONG TERM ENVIRONMENTAL TENSIIE TESTS (IMFERIAL UNITS)

0.1% proof | 0,2% proof | 0.9% proof |Ultimate Percentage
mzlmz:al cmT:leou stress stress stress stress elongation
o tanf 102 | tent In2 | tont 12 |tonr 152 %
None RT 9.99 10,90 12,82 14.94 6,40 4.63
A9 ET 7.68 8.08 8.32 9,20 5.84 -
A9 RT 9.94 10.85 12,53 15.94 6.55 5,80
None RT 10.04 10.99 12,88 16.38 6.85 6.45
A10 BT 7.5 B.47 8.75 9.81 6.47 -
A10 RT 1034 11.31 13.14 16.78 6.52 5.98
Nene RT 10,22 11.16 12.88 16,13 6,67 L.23
Al ET 7.19 7.53 7.94 8.1 6.33 -
ANl RT 9,89 10,78 12,39 15.39 6,58 6.50
None RT 10.39 11.35 13.24 16.29 6,78 5.55
A2 ET 6.62 7.0 7.38 B.52 5.89 -
A12 RT 8.3 9.19 10.47 13.47 6,5 7.60




Table 114

SUMMARY OF MEAN VALUES - SHORT TERM ENVIRONMENTAL TENSILE TESTS (S.I. UNITS)

. 0.1% proof|0.2% proof|0.5% proof|Ultimate|Young's
Environmental Test

diti dition stress stress stress stress |modulus

condition [conditio MN m—2 MN m-2 MN m=2 MY m-2 | GN m~2
None RT 157.8 171.9 199.7 243.9 47.2
Bl ET 131.6 141.8 148.5 163,2 42 .4
None RT 151.8 171.9 199.7 243.,9 47.2
B2 ET 111.0 117.8 124.9 135,1 41.8
None RT 160.3 175.1 193.5 251.1 45,9
B3 ET 8l.4 89.6 97.1 113.8 34.3
None RT 160.3 175.1 193.5 251.1 45.9
B4 ET 61.6 68.1 73.4 91.1 33.2
None RT 156.8 170.7 198.3 242.0 47.8
RS ET 99.3 107.2 120.2 122.8 34.7




Table 11B

SUMMARY OF MEAN VALUES - SHORT TERM ENVIRONMENTAL TENSILE TESTS

(IMPERTAL UNITS)

. Young's
Environmental| Test 0.1Z proof|0.2% proof {0.57 proof |Ultimate modulus
condition |condition|  STEeSS_ stress_ Stress_ stre§qa x 1076
tonf in tonf in tonf in tonf in . =2
1bf in
None RT 10.22 11.13 12.93 15.79 6.85
Bl ET 8.52 9.18 9.62 10.57 6.15
None RT 10,22 11.13 12,93 15.79 6.85
B2 ET 7.19 7.63 8.09 8.75 6.06
None RT 10,38 11.34 12.53 16.26 6.65
R3 ET 5.27 5.80 6.29 7.37 4.98
None RT 10.38 11.34 12.53 16.26 6.65
B4 ET 3.99 4,41 4,75 5.90 4.81
None RT 10.15 11.05 12.84 15.67 6.93
B5 ET 6.42 6.94 7.78 7.95 5.03
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Table 12

HEAT FACTORS AND RECOVERY HEAT FACTORS FROM TENSILE TESTS

Heat factors

Recovery heat factors

Environmental
condition 0.17 proof | Ultimate | 0.17 proof | Ultimate

stress stress stress stress

Al 0.901 0.733 1.017 1.031

A2 0.882 0.713 1.021 0.899

A3 0.901 0.728 1.008 0.948

Ad 0.876 0.747 1.024 1.078

A5 0.815 0.677 1.010 0.978

Ab 0.780 0.590 1.072 1.046

A7 0.781 0.573 0.991 0.982

A8 0.799 0.600 0.986 0.957

A9 0.776 0.616 0.995 1.067

Al0 0.776 0.599 1,030 1.024

All 0.704 0.521 0.968 0.954

Al2 0.637 0.523 0.808 0.827

Bl 0.837 0.669

B2 0.704 0.554

B3 0.508 0.453

B4 0.384 0.363

B5 0.633 0.507
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Table 13
TORSIONAL TESTS WITHOUT ENVIRONMENTAL HEATING
8.1, WNITS IMPCRIAL UNITS
Manu facturer Casting
and hatch Torsional Ultimate Ahear Torsiomal Ultimate Shaar
proof stress 3tress modulus | proof stress sLress 5 madulus
MN m" Mo | m® [x 1077 f 1@ k107 1br 102 [x16® bt g
A1 667l .73 157.57 17.39 10,40 22,85 2,522
5101 57.19 123,20 16, 8.34 17.87 2,382
GLoL 83.5 166.35 18.57 12.12 24,13 2.694
A2 6109 70,86 156,57 18.62 10.28 22,71 2,7
6252 78.565 159.09 18.27 11.41 23.08 2,69
7024 75.60 158,70 18.13 10.97 23,52 2,629
B1 P10 81.86 1735.75 18.19 11.87 25,20 2,638
PLS 81.86 173,54 19,03 11.87 25,17 2,760
Pi3 87.40 177.27 18.60 12.68 25.71 2,47
B2 P&l 86.38 170.46 17.62 12,53 2L, 72 2,555
P19 82,45 170.96 17.92 11,96 24,80 2,59
PP 85.19 167,26 17,93 12,36 2h,26 Z,601
Table 14
MEAN VALUES AND COEFFICIENTS OF VARIATION OF TORSIONAL TESTS
WITHOUT ENVIRONMENTAL HEATING
3,1, UNITS IMPERIAL UNITS
Torsional Ultimats ghear Torsional Ultimate Shear
Hamufacturer Batch oroaf sE;;ess stress modulus | preof stress stress . mgg.llus -2
MM m < 1 2 @ we |x 1072 1bf 0 E%107° Ibf InE [x 1070 W m
4 1 70,52 143,04 17.43 10,23 21.62 2,533
A 2 75,04 158,12 18.34 10,88 22,93 2,663
A 1+2 7,99 153,58 17.90 10.5% 22,28 2.598
B 1 83,70 17L.85 18,60 12,14 25,36 2.698
B 2 8L4.68 169,56 17.81 12,28 24,3 2,585
B 1+2 84.19 172,20 18.22 12,21 24,98 2,642
411 batches 78.84 162,90 18,06 11.44 23,63 2.620

Coefficlents of varia-
tign for Manufacturer &| 12,21% 9.96% 4.3%%
based cn & specimens

Coefficients of varia-
tion for Manufacturer B 3,89% 1.992 2.9%
based an & specimens

Overall coefficient of
variation based on 11,08% 8.81% 3,365
12 specimens
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Table 15
LONG TERM ENVIROMNMINTAL TORSION TRSTS
; 3,1, UNITS IMPERI AL UNITS
Manufacturer! ..nviromental
P casting Torsional Ultimate Shear
ahd bateh i condition Torsional |Ultimate Shear proof stress stress modulus
proof s;.re.ss stress modu}.gs % 10=3 x 1073 % 1
! MN m™ a2 | o m 1br 102 bt in | wrn®
1 46 { i 6105 3.3 162, 7 15.5 10,63 2% 60 2.250
; 6500 aL,.8 129.8 15.7 12,30 18.82 2,277
i
2 26 [ | 6113 7.5 119.2 15.4 10,36 21.64 2,226
) | 6261 75.8 163.3 15.5 11,00 23.68 2.2l9
1
B 16 P15 ~.0 171.4 16.1 11.46 24.86 2.327
P16 87.1 179.4 16,2 12,63 26,02 2,542
8o 16 P22 7.5 12.7 | 16.1 11.39 25,05 2,328
P45 81.5 175.9 16.1 11.83 25.50 2,338
A 410 6L99 82.1 172.6 15.7 11.81 24,88 2.275
6633 .5 128.9 15.7 11,53 18.59 2.277
2 410 6116 69.6 182.7 15.2 10,0 22,14 2,208
7030 78.0 169,2 .7 11,32 24,5, 2.132
B 210 P27 83.9 175.8 15.9 12,17 26,08 2.311
P32 = 176.9 15.7 11.48 25,66 2,283
B2 410 P59 84.8 172.9 15.8 12,31 25.07 2,290
P70 87.2 173.5 16,0 12,65 25.17 3.319
Mean value A6 78.9 162.9 15.8 1.4 23,63 2,292
Mean value A10 80,5 165,7 15.6 11.68 24, 0% 2,263




RECOVERY HEAT FACTORS FOR LONG TERM ENVIRONMENTAL

Table 16

TORSION TESTS

Recovery heat factor

Envirommental
condition
Proof stress Ultimate stress
A€ 1.001 1.000
AlC 1.021 1.017

41
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- Fig.l. Standard J.A.C test casting
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Fig.5 Definition of permanent strain used

to calculate torsional proof stress
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Heat factor
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Fig.8 Variation of heat factor for O-| 7}, tensile proof stress
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environmental temperature



2Jn310J2dw21  |DIV2WUOIIAUZ Wi23 1Joys yY}Im sninpow s.bunop 30 uolibiupp G Big

Vo 24NADUDAWDT |DIUDWLOANIAUT

QO€E 052 002 oS! o]e] 0% o X
0 ¢
3
[{n]
(€3]
" 3
a
Q!
SpUo22s Q0 + =
2t SPUOD?S 0€ X ”
2uanjp42dui2 10 DWW o
A2y @
W cE Q2 =3
o <.
i ~
g S
> 3
u. + m
. 8
SpuoIDs 0e =
» 00¢ ct
mT b4 -+ m
/// D
SpLUOD2s

P Om/ - ™~ M
~~ o+ S
nlf
9 Z e S
3 e 3

TI""I
z
L 3
Qg 4



2=Ut 491 Ot X

ol

Si

Q¢

52

2AIND UIDJIS —SS 2415

Q10 @QQ-

UIDA]S {DUOISAO |

900

+¥00-

(ouoisyoy [poidA} 964

| PUO

ss243s jJooud

I1S40]
T, yd

74

\
7

rd

ot

09

04

00l

021

O+i

09l

aei

002

|DUCISAO

 WNW S5243S



039

08

o7

06

05

Recovery hect foctor

04

03

0ea

Key

+ Preof st.rass

x Uttimote stress

1000 hr at.

temperature

Fig.17 Variation of

S0

100

150 200

Environmental temperature °C

recovery heat factor for

torsional proof and ultimate stress

with long term environmental temperature



gOIX

z-U! 49|

2in1032dw2]1  JoluawuUoIAu2 w23 Buol yuim sninpow JD2ys 3O uolIPWIDA 8 big
To 24N10420UWDTY |DJUDBWUOCHIAUT
002 Qs ole] oS 0
o} ]
4
sof
+
)
o1}
8
- ol
2i
ONY/ 2l
/ =]
m\.Nl ————
— Q1
0z

2-W N9 24nq042dwa] WOO4 IR SNNPOW 4D2US



SMM_

Printed in Englanid ﬁ;}ffé# Méfe-sty g _Smfz"on'e‘ry Office by the
Roval direraft Establishinent, Farmborough, D3 502109 K 4,

Fig.19. Typical inclusions on tensile fracture surfaces.
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