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SUM

Mean strength values and coefficients of variation obtained frcm

tensile, torsion, shear, bearing and bending tests on thirteen aluminima

and two magnesium casting alloys are tabulated. Values of the various

strength properties are plotted, and the degree of inter-dependence of

these properties is examined and discussed. An estimated true mean

strength and coefficient of variation is shown for each alloy tested.
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I Introduction

A large series of strength tests has been completed on speoimens
extracted from light allay test castigs of a special pattern, made in
various liht alloy materials and by several founders. In these tests,
material from various parts of each casting was tested in tension, torsion,
shear, bearing and bending, to obtain representative values of the strength
and strength variation for each material.

The detailed test results have been given in earlier papers 1 1 . In
the present paper the results of all the tests are summarised and discussed.
The tests show that the various strength properties are closely related,
but in most cases the scatter of values is wide, so that individual values
of a given property cannot be predicted very accurately from known valuesof any other property.

2 Test Specimens

The test casting is shown on Fig.i and the method of extraction of
the test specimens on Fig.2. The various alloys tested are listed against
founders in Table I and the number of specimens in eadh set of tests is
given in Table II. All the castings (except those to Specification BS L.53,
made in 1950) were made in the years 194J+-45 and all were released in
accordance with A.I.D. requirements for Class I castings in forme at the
time. The surfaces of the specimeni were machined, so that none of the
original cast surface remained in the regions subjected to test.

The results of the torsion, shear, bending and lug tests are directly
applicable only to specimens of the same proportions as those tested.

Additional tensile-tests were made on specimens taken from test bars
cast with the test castings. The number of such specimens tested varied
from alloy to alloy and was often as small as three.

3 Test Results

3.1 Presentation of Results

Mean test values for the various strength properties for each material
are recorded as stresses in Tables III to X inclusive.

The number of test results is generally insufficient to warrant the
calculation of coefficients of variation, except for the tensile properties
(see Table IV).

Table XI gives conservative estimates of true mean strength values
for each material. These estimates are derived statistically from the
test results, on an arbitrarily-fixed probability of 0.975 that the true
mean strength will not be lower than the estimated value.

Table XI also gives an estimated coefficient of variation for each
property in each material. These have been fixed by judguents based on
the test evidence, or on general experience where the test evidence is
scanty. No values for lug or bending stresses are given in Table XI,
besause of the limited range of shapes to hich the test values for the
lug and bending specimens apply.

3.2 Proof Loads

All the proof stress values given, except where otherwise stated in
the tables, have been determined from the load at hioh the load/extension
curve departs from linearity by the prescribed mount.
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*. Discussion

The trends of material strength and the relationships between the
various material strength properties are examined empirioally by a ecm-
parison of the mean test values of the various groups. This method of
comparison of means is perforce adopted beoause the test results for the
various properties vary in number and are in general taken from different
parts of different castings, so that no point-for-point comparison is
possible. The method has the drawback that the means are obtained from
varying rnubers of results and are thus not all of equal significance.

)4..i Variation of Strength with Foundry

The mean values of 0,1% tensile proof stress tj and of ultimate
tensile stress ft for each material from each foundry are shown dia-
grammatically on Fig.3. This figure shows that the difference in the
strength of material in castings made to the same specification by
different founders is in some cages considerable, and that this differ-
ence does not always correspond to the difference in. test bar strength.
There is no evidence that the castings from any one foundry are consistently
high or low in strength, and the order of strength between different
founders is sometimes reversed between the proof and ultimate strengths.
Founder A is an apparent exception, but the castings from this foundry were
possibly made to non-standard compositions under a war-time concession,
and the evidence from this source is therefore doubtful.

*1.2 Difference in Strength Between Different Parts of the Castings

In Table XII the mean tensile strengths of material in various parts
of the casting have been expressed in terms of the mean tensile strength
of the material in the barrel.

There is on the average a slight tendency for the flange material
to be stronger than the boss and barrel material and this tendency is more
marked for the ultimate strength than for the proof strength. Some alloys
show a large strength difference between different parts of the casting,
but the same part is not consistently high or low for all alloys and the
relative level of strength sometimes differs for the proof and ultimate
strengths of the same material.

4.3 Correlation Between the Various Strength Properties

The degree of inter-dependence of the various strength properties of
the cast material has been examined by plotting the mean strength values
of the various alloys, as shown on Figures 4 to 15. Each point represents
the mean of all values from the product of a single foundry for one alloy.
Mean lines have been drawn thrmgh the points. in the position giving
minimm scatter about the lines, and approximate limits are shown between
which 80 per cent of all mean values are estimated to lie. These limits,
quoted as a percentage, are given as 'probable limits of error' in
Table XIII. The equations of the mean lines and the correlation coeffi-
cients have been calculated and are sumarised in Table XIII. The high
value of these coefficients indicates that the various properties con-
siaered are closely related, but in many cases the scatter of strength is
too wide to permit individual values of one property to be predicted from
individual values of another with a useful degree of accuracy. It is
emphasised that the comparisons made in Figs. 4 to 15 and in Table XIMI
are comparisons o: mean values, so that the scatter of individual values

ij-- oulh be even wider. The mean lines, correlation coefficients and limits
have been derived from the aluminim alloy results only, as the results

[ -5-
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for magnesium alloys are to few for this method of analysis o be ued.
The magnesim alloy points have, however, been added to Figs, 4 to 15 for

comarison with the aluminim t alloy points.

Some of thematerials, notably the D.T.D.300 and L.53 alloys, gave
results that depart ,ely gl from h of t rend (see oig. ) and these
anomalous results have been utogd in calcolatitn the positions of the
mean lines and he probable limits of error.

4.4 Variation of, BeariPA Strength with Joint &Moprtions

Themean test values o the proof bea~r stress bt have been
plotted separately on Fig 1 for each of three values o he ratioo

bearo pin diameter
bearin plate thicknmess

A mean line has'been put through each of these three sets of points

t
and 1.0 are respectively 18.5 per cent and.6per cent (average) higher

than the values a 1'.25. The proof bearin stresses for these cast

ta

materials are considerably higher, relative to the tensile proof stresses,
than is the case with wrcight materials.

4.5 Values of the Elastic Moduli

Mean values and coefficients of variation of Young's Modulus, E, and
of the torsional modulus, G, htve been calculated from all the availableresults, as shown on Table XIV. The mean values of these moduli are usual
for. the respective materials but the scatter of the values is rather wide.

Values of Poisson's ratio, calculated from the mean values of the
elastic moduli, are 0.36 for the alnminium alloys and 0.32 for the mag-
nesimn alloys, which are again abait the usual values.

l.6 Variability of the Material

The variability of strength, as shown by the estimated true coeffi-
cient of variation, V., differs fairly widely for the different alloys
(see Table XI). The mean values of V for the individual results of all
the alu i ,a alloys are 10.6% for tj, 9%for t2, 8.5% for t and
8.5% for ft. This drop in the values from t1  to t is exhiiited by
most of the alloys individual3y. In some cases the ooe0!fioient for ft is
high, in particular for the alloys L.53 and D.T.D.300 which have values of
V, for the ultimate tensile strength, of 16.5% and 21.5% respeotively. If
the values for all alloys are assumed to belong to one 'population' the
overall coefficient of variation for the individual results of this popu-
lation is 10% for both the 0.1% proof strength t and the ultimate
strength ft. The nmber of manesium alloys tested is too few to show
anr general trend of variability or whether these alloys differ in var-
ability from the alumintum alloys.

-6,-
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5 Conclusions

The main points shown by this series of tests are "zmmarised below.

Comparison on the test bar tensile properties with casting tensile
properties and of the various mechanical properties amongst themselves
shows that all these properties are closely linked. though the scatter of
values is wide. Correlation is highest for the relationship between the
tensile proof stresses tj and t 2 , and lowest for the relationship
between the ultimate torsional strength faA and the ultimate tensile
strength ft. No regular trends have boefffound in the scatter, except
that injgeneral the 0.5% tonsile proof stress t 5  is less variable than
the 0.2, proof stress t 2 , Which in turn is less variable than the 0.1%
proof stress ti, As a consequence of the wide scatter, the value of any
one property of a material can be only approximately estimated from a
knowledge of a value of some other property. For some pairs of properties,
the accuracy of prediction of one from the other is too low for practical
use, e.g. q1 from t,.

The mean values of the elastic moduli are usual for these alloys, but
their variance is again rather wide.

The values of the I .0% bearing proof stress b, 0 are higher, relative
to the tensile proof stress t1  than is the nase with wrought materials.
The value of the proof bearing strength blo increases with decrease of
the ratio of pin diameter

bearin plae t s -within the range tested.bearing plate thickness

No consistent trends of strength with foundry have been discovered.
There is some evidenie that the flanged parts of the casting are stronger
than the boss and barrel.

The above conclusions are based on the results of the tests on the
aluminium alloys, as the tests on the magnesium alloys are too few in
number for trends to be examined. It is, however, possible to make a
limited comparison between the magnesium alloy and aluminium alloy results,
and this comparison suggests that the trends for magnesium alloys are the
same as for aluminium alloys.

....

• ! -7-
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LIST OF S)NBOIS

t i  tons/sq in 0.1% proof stress in tension
t 2  tns/q i 0. prof sres intenion Elongation based

E2 lb/sq in 0 proof oug s tresson gauge length

t 5  tons/sq in 0.5% proof stress in tension

ft t o(/stq in ultimate stress in tension
E ib/sq in x 106  Young's Modulus in tension

8 % elongation at frkacture

qj torw/sq in proof stress Am torsion (defined in A.P.970, Vol.2,
Leaflet 401/5). (Calculated on the assumption

that stress is proportional to distance from
centre.)

f U tons/sq in ultimate stress in torsion. (Calculated on the
assumption that stress is proportional to dis-
tance from centre.)

G lb/sq in x 106 Modulus of rigidity

fs tors/sq in ultimate shear stress

b1 0 tons/sq in IC% proof stress in bearing. (Elongation based on
pin diameter.)

L1 0  tons/sq in 1.0 proof stress ) Lug stresses with suffix T or S
indicating tension or shear.

tons/sq in ultimate stress Elongation based on pin diameter

B 0 o5 tons/sq in 0.56 proof stress in bending

B Elongation based on
B2 tons/sq in .0% proof stress in bending surface strain
B2  tons/sq in 2oC proof stress in bending

BF tons/sq in ultimate stress in bending

x individual test result

n rumber of test results in group

5E mean value from a group of test results =

v coefficient of variation for a group of test results

v n-I

I estimated true mean value (see para.3.i)

V estimated true coefficient of variation (see para.3.1)
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TABE I

Distributon of Alloys Between Founders

aterial Founders
Specification A B C D 3 P G 1 3 K

A~&mfriz A~l

BS L33 x x

BS 153 x X x

DM 133B X x Replaced by L5t

DTD 165 x x Replaoe6by Di 65A.

DTD 240 X X Now Cancelled

DTD 245 X X Replaced by ITD 245A

DID 250 X Now Cancelled

TD 255 x Replaced by L52

I D 287 X Replaced by L51

DTD 298 X X Replaced by lID 298A

DTD 300 X X Replaced by 153

DTD 304 X X Replaced by DD 304A

DTD 24 x X x Replaced by DTD42A

NMaes-m Alloys

DM D281 I x , Replaced by lM24.

DT 289 x x x Replaoed by IA22

*l
*1
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T.ABIE II

Tests and Test Specimens

Number of Specimens
per Set

Test .... j~SeTe13 All othermaterials

Tension

Cylinder flange 10 12
'ylirer boss - 6
Boom flange - 6
Barrel 10 6

Torsion

External Diameter 113 noinal 10 3
Wall Thickness

Shear

Pin Diameter 1- I0 nominal9
Shearing Plate Thickness

Bearin

Pin Diameter n.4 ncminl 3
Plate Thickn-ess

1.00 - 3

- 1.25 10 3

3 9

Bendixw 3 3

Cast Test Bars Various Various

12 -
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TAB-E III

Means of Tensile Test Values
for ggh Part or C'aasU

tl t2 t5 ft E
i e•all

SpaleiaiJ Part of atn
cation. 9 - - - -

B L33 F Cylinder flanges 4.44. 9 5.05 9 69%1 9 9.71 9 9.36 9
Cylinder boss 3.87 6 ,4.42 6 5,. 6 9.61 6 9.81 6
Beam flanges 5.24 6 5,90 6 6.85 6 9.61 6 9,72 6
Barrel 4.0 6 5,03 6 6.15 5 9.03 6 10.00 6
Anl Parts o .ined 4.51 27 5.09 27 6.12 26 9.52 27 9.68 Z7

G Cylinder flanges 4.87 12 5.57 12 6.72 12 I0.66 12 10.79 12 J
Cylinder boss 4,15 6 4.82 6 6.02 6 9,96 6 11.33 6
Bean flanges 46% 6 0.32 6 6.51 6 10.60 6 11.19 6
Barrel 4.44 4 5,06 1 6.18 4 I0.18 4 10,28 4
All parts combined 4.61 28 5.28 28 6.45 28 10.4328 11.02 28

BS 163 B Cylinder flanges 11.10 10 11.95 10 13.26 10 21.60 10 9064 10
Cylinder boss . . . .. . . .
Beam flanges . . . .. . .
Barrel 11.78 10 12.85 10 15.87 10 9.70 10

All parts ocmbined lA 2 20 12.40 20 18.74120 9.67 20

r Cylinder flanges 10.58 i0 11.26 10 12.31 0 16,94 I 9.19 10
Cylinder boss . . . . -. . .
Beam flanges
Barrel 11.42 10 11,06 i - 14.13 10 9.51 10
All parts combined I1.5 1 20 1 25,1 20 -15.5920 9,3 20

D Cylinder flanges 11.50 12 7.9 1 3.94 2 15.55 121 8.5 10
Cylinder boss 6 6 9 .. .2 .
Beam flanges . .0 .. .1 6
Barrel 6.42 0 12.5 6 82 61.2 1 9.91 60
All parts combined 7.i 20 12.51 29. 910.%10 992 20

tD13BD Cylinder flanges 7,0. 12 7.9-  2 9.1 12 10.52 12 11.45 12
Cyliner boss 670 6 7,59 0 8.7 9,93 6i69. 6
Beam flanges 7.90 6 8,05 6 9..3 6 10,29 6 10.74 6
Barrel 6.7 6 7.5 6 8.8 6 11.27 6 9,72 6

All parts ocmbined 7.0 30 7581 20 9,07. 209 13 30 10. 5 30

1 Cylinder f larges 8.61j2 77 12 0,8 12 12,81 12 9,53 12

Cylinder boss 7.0 6 7.9 6 924 6 10.52 . 9 0 6
Beem flanges 7.9o 6 8.90 6 0.0 6 1.C1 6 0.7 6
Barrel 7.8 6 72 6 780 6 11,02 6 972 6
All parts ombined 7,8 8.7 30 ,11 0 11.5 309.705 30

- - - ---

D3 165 Cylinder flanges 6.6 12 8 127 4 8,38 12 10,31 12
Cylider boss 6.05 6 7.6 6 7.9 5 1754 6 1O,2 6
Beam flanges 6.39 6 7.7 6 7 .6 6 8i,7 6 925 6
B Iarrel 6." -6 7.04 6 7,80 6 t0,t 6 10NO 6
An Parts ombine<d 6.51 30 7018 30 801tP 11.54 30 9.73 301

Cylinder boss 6.05 6 6.69 7.37 5 7.94 1032 6
Bea flange s 5.89 6 6.71 7.69 6 8.73 6to.35

Barrel 6.30 6 6.99 6 7.77 5 7,93 61o,8 6
All part ombined 6.0930 6,83 30 7.6626 8.26 094 30

-13 - AAME III (Contd.)
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TAML III (Contd.)

MearA of T ensile Test Values
for Eaoh Part of Castim (oontd.)

Batrrea 7.1 5 7.9 5 9.9 f .7 t 03

sPeoi- l b Part o8 Castin 1 9580
oation no] ._ I._. ! I n 

GTD 20 Cylinder flanges 7.2 12 8.71 8 10.14 6 11.12 12 10.59 l
Cylinder boas 7.93 6 9.10 6 1.58 6 I011 6 10.07 6
Beam flanges 8.28 6 9.9 5 10.61 6 10.54 6 8.12 6
Barrel 7.68 6 8.83 5 1 19 4 5 10.31 5
All parts combined 7.80 1 0 10.70129 9.95128 

G Cylinder flanges 1.62 6 1 1 16.7 l 16.56 12 10.891t2
Cylinder boss 14.0 6 1 6 1 - 15.28 6 10.20 6
Beam flanges 8.38 6 1 29 6 16.63. 6 10.9.i 6
Barrel 1.58. .3 61 0 4- 10,63 6 10.62 6
All parts combined 1.8 01 2.12 16 27 1.39130 10.55 30

G Cylinder flanges 13.20 1 15.68 1 16.8 5 16.56 12 10. 51 6
Cylinder boss 12.68 6 14.06 - - 15,76 6 1002 6
Beam flanges 136 6 15.92 6 16.53 3 17.37 6 10.32 6
Barrel 12.50 6 13.73 4 - - 14.23 5 10831
All parts combined 12.96 22 1.15 22 16.48 1 816.1629 0.5512

G Cylinder flanges 12 11.03 12 1312 1 , 1.87 12 10.981 12
Cylinder boss 9.8 6 11,06 .8 2 15,20 6 12,08 6
Beam flanges 11.33 6 12,92 6 16,57 16.62 6 11.32 6
Barrel 1012 6 11.28 6 1 6 13.94 6 11.19 6
All par-s aombined 10.04 30 14.4.2 28 1 3.2 3 16.01. 30 11.31 30

DTD 250 E Cylinder flanges 1.04 12 11.03 2I 1 15.281 12 10. 12
Cylinder boss 1 6 11409 5 13.5 6 10.75 6
Beam flanges 1.47 6 12.67 6 144 02168 6 9.73 6
Barrel 15.97 6 11 6 1 -13,94 610.09 6
All parts combined 168120 1142 2913 30 t18.30 10.19 30

DTD 255 E Cylinder flanges 5.82 12 18.512 4 1 10.8 12 9.86 12
Cylinder boss .8 6 .1 . 16,787 6 7 6.1 6
Beam flanges 5.88 6 19.0 6 - 20.28 6 10.30 6
Barrel 1585 6 6.60 16.78 9 6 1.52 6
All parts combined 5.781 618.77 131 - 1831 301 9.96130

DTD 287 A Cylinder flanges 9.15 12 6.18 12 1.61 12 10,581 12 10.39 12
Cylinder boss 9.48 61 61 6 1.4 6 9.75 6 91.98 6
Beam flanges 1.262 6.83 6 125 6 10.3 6 1O.4 6
Barrel 1.11 6 1.60 61 1246 6 9.28 6 11.57 6

I All parts combined .61301 670 301 1 30110.0530 10.70130

298 Cylinder flanges 6.02 12 10.9 12.81 12 15.71 12 10.J 6 12
Cylinder boss 57 6 510,29 6 6.89 6 16.70 6 919 6
Beam flanges 5.6 11.17 6 17.5 6 15,38 6 o.8 6
Barrel 10i 611,05 6 124 6 15,281 6 !11.01 6
AU pars combined 9*61 to.019810i 3o0 150 30. 110.4.7 30

BOylinder flanges 6.21 6.79 12178 12 15s231 12 J036 J2
Cyl~nder boss 5.7 5,96 6 68 6 13,96 6 10.2716
Beam flanges 5.6 6.635 6173 6 14,131 6 9,8o0 6

Barrel 6.21 6 6.88 6 789 6 13.95 6 10o771 6
.. .An. parts ombi , 5 1 6.55 3 7l 30 E 495o 3o t .)3t1o

/TiE U (CiointdII)
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T TABLE III (Contd.)

Means of Tensile Test Values
for Each Part of Castin& (contd.)

Materia l t t2 t 5  ft E
Specift- Part of Cast.n .' " '
cation 1 E . I n . n 5E n n n n

I-
AU=i= Allovs (contd.)

DD 300 A Cylinder flanges 12.92 12 14.16 12 15.94 11 16.73 12 8.63 12
Cylinder boss 13.19 6 14.13 6 15.03 5 18.06 6 9.90 6
Beam flanges 15.04 6 16.35 6 18.15 6 19.68 6 9.44 6
Barrel 14.91 6 15.96 6 17.65 6 18.55 A 9.17 6
All parts ocmbined 13.80 30 14.95 30 16.62 28 17.95 30 9.15 30

B Cylinder flanges 9.05 12 10.08 12 11.29 12 15.73 12 10.,44 12
Cylinder boss 8.95 6 9.70 6 10.74 6 12.34 6 9.94 6
Beam flanges 9.88 6 10.82 6 12.04 6 13.72 6 9.65 6
Barrel 9.66 6 10.50 6 11.64 5 12.20 6 10.08 6
All parts combined 9.32 30 10.24 30 11.39 29 13.94 30 10.11 30

D) 304 A Cylinder flanges 12.11 12 13.26 12 14.82 12 16.75 12 10.41 12
Cylinder boss 12.46 6 13.40 6 14.72 6 18.13 6 9.87 6
Beam flanges 12.61 6 13.80 6 15.38 6 17.04 ; 10.64 6
Barrel 12.88 6 13.85 4 15.23 4 16.04 6 9.54 6
All parts cambined 12.44 30 1.3.49 28 14.98 28 16.94 30 10.16 30

B Cylinder flanges 10.69 12 11.85 12 13.50 12 19.70 12 10.96 12
Cylinder boss 10.62 6 11.55 6 12.88 6 16.75 6 9.94 6
Beam flanges 11.75 6 12.68 6 14.10 6 18.03 6 9.37 6
Barrel 11.65 6 12.67 6 14.10 6 18.09 6 10.77 6
All parts combined 11.08 30 12.12 30 13.61 30 18.45 30 10.40 30

DM 424 C Cylinder flanges 6.2J. 12 7.31 12 8.69 10 10.09 12 10.49 12
Cylinder boss 5.06 6 6.10 6 7.87 6 10.4Z 6 10.35 6
Beam flanges 5,95 6 6.95 6 8,69 6 9.86 6 10.53 6
Barrel 5.04 6 5.99 6 7.70 6 10.02 6 10.92 6
All parts combined 5.71 30 6.73 30 8,30 28 10.10 30 10.56 30

D Cylinder flanges 6.56 11 7.62 11 8.67 8 9.82 12 10.51 12
Cylinder boss 5.68 6 6.70 6 8.33 6 8.62 6 10.96 6
Beam flanges 5.51 6 6.47 6 8,20 6 9.85 6 9.55 6
Barrel 6.07 6 7.04 6 8.66 6 9.11 6 10.25 6
All parts cambined 6.06 29 7.07 29 8.4.8 26 9.44 30 10.36 30

H Cylinder flanges 7.35 12 8.56 12 10.44 12 11.70 12 10.33 12
Cylinder boss 6.33 6 7.45 6 9.23 6 9.98 6 10.60 6
Beam flanges 6.87 6 8.04 6 9.94 6 11.22 6 10,41 6
Barrel 6.89 6 7.90 6 9.58 6 10.89 6 10.20 6
All parts combined 6.96 30 8.10 30 9.93 30 11.10 30 10.38 30

/TABLE III (Contd.)
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TABIS III (Contd.)

Means of Tensile Test Values
for Each Part of Casting toontd.)

Material t t2  t5 ft E
8peoifi 1  Part of Casting ...cation cax n x n S i n xin x n

Munesium Allo-ys

DTD 281 D Cylinder flanges 6.00 12 7.50 12 9.57 12 16.95 12 6.60 12
Cylinder boss 5.56 6 7.05 6 9.28 6 16.08 6 6.74 6
Beam flanges 6.39 6 7.98 6 10.16 6 18.30 6 6.53 6
Barrel 6.03 6 7.37 6 9*52 6 15.23 6 6.32 6
All parts ocabined 6.00 30 7.48 30 962,30 16.70 30 6.56 30

H Cylinder flanges 5.92 12 7.20 11 9.17 11 13.74 12 5.30 12
Cylinder boss 5.26 6 6.62 6 8.70 6 14.87 6 5.69 6
Beam flanges 6.61 6 8.11 6 I0.15 6 15.17 6 6.36 6
Barrel 5.54 6 6.73 6 8.78 6 12.28 6 5.971 6
All parts combined 5.85 30 7.17 29 9.20 29 13.96 30 5.72 30

J Cylinder flanges 4.46 12 5.57 12 7.37 12 120. 12 6.09 12
Cylinder boss 4.93 6 6.13 6 8.17 6 11.12 6 6.60 6
Beam flanges 5.22 6 6.58 6 8.59 6 12.97 6 6.01 6
Barrel 4.68 6 5.92 6 7.98 5 9.52 6 6.42 6

IAl parts cabined 4.75 30 5.95 30 7.8929 11.5430 6. 2430

DTD 289 0 Cylinder flenges 4.42 12 5.38 12 7.01 12 13.0+ 12 5.95 12
Cylinder boss 4.00 6 4.82 6 6.33 6 11.2+ 6 6.18 6
Beam flanges 4.20 6 5.21 6 6.88 6 12.10 6 5.99 6
Barrel 4.11 6 4.94 6 6.44 6 10.78 6 6.44 6
All parts comnbined 4.23 30 5.15 30 6.73 30 12.01. 30 6.12 30

E Cylinder flanges 4.85 12 5.94 12 7.56110 15.47 12 6.21 10
Cylinder boss 4.70 4 5.84+ 4 7.47 4 15.52 4 6.61 4
Beam flanges 5.42 5 6.45 5 8.04 4 15.45 5 6.4.7 6
Barrel 4.57 6 5.65 6 7.15 4 13.16 6 7.13 6
All parts ocmbined 4.87 27 5.96 27 7.56 22 14.96 27 6.55 26

Jl Cylinder flanges 4.87 12 6.08 12 8.03 12 15.07 12 6.35 12
Cylinder boss 4.59 6 5.65 6 7.38 6 13.84 6 8.05 6
Beam flanges 4.82 6 6.03 6 8.01 6 16.28 6 6.43 6
fBarrel 4.55 6 5.63 6 7.43 6 13.33 6 7.00 6

. 0All parts ocibined 4.74,30 5.8930, 7.78 30 14.72 30 6.83130

-16-



Sumary of Tensile Test Mean Strength V

til t2
Material Source .

Specification V% n x V%

Al z nit Alloys

BS L33 ? 4.51 15.2 27 5.09 13.5
G 4.61 8.9 28 5.28 7.9

F and G combined 4.56 12.3 55 5.19 10.9

BS L53 B 11.4 7.7 20 12.4 8.0
H 10.34 7.0 20 11.16 5.0
K 11.51 6.1 20 12.51 6.0

B, H and K combined 11.09 8.4 60 12.02 8.2

DTD 133B C 7.00 8.7 30 7.81 8.0
D 7.83 8.6 30 8.75 7.9

C and D combined 7.41 10.4 60 8.29 9.7

DTD 165 H 6.51 5.0 30 7.18 5.4
J 6.09 5.2 30 6.83 4.3

H and J combined 6.30 6.1 60 7.00 5.5

DLD 240 F 7.80 13.8 28 8.55 8.1
G 7.82 9.6 30 8.93 7.5

F and G combined 7.81 11.7 58 8.76 8.0

LTD 245 F 14.01 7.6 22 15.15 6.9
G 12.96 7.2 30 14.44 6.9

F and G combined 13.40 8.4 52 14.75 7.3

DrD 250 E 10.04 12.9 30 11.42 9.0

DTD 255 E 16.81 4.8 28 18.77 3.1

DID 287 E 5.73 10.9 30 6.70 9.5

DTD 298 A 9.61 7.2 30 10,58 6.5
B 5.85 11.8 30 6.55 11.3#

A and B combined - . .

LTD 300 A 13.80 10.8 30 14.95 10.2
B 9.32# 9.6# 30 i0,24 90

A and B combined .. / .

DTD 304 A 12.44 6.7 30 13.49 6.4

B 11.08 15.3 30 12.12 14.2
A and B -!ombined 11.76 12.7 60 12.78 12.0

DTD 424 a 5.71 15.5 30 6.73 14.3
D 6.06 14.0 29 7.07 12.1
H 6.96 10.6 30 8.10 9.3

0,_D and H combined 6.24 15.6 89 7.30 14.3

4aynesiu, Illoys

DTD 281 D 6.00 21.5 30 7.48 22.6
H 5.85 11.1 30 7.17 10.4
J 4.75 12.2 30 5.95 13.3

1 : and J combined 5.54 18.8 90 6.86 19.4

DTD 289 C 4.23 8.0 30 5.15 8.7
E 4.87 11.0 27 5.96 8.8
J 4.74 7.2 30 5.89 6.8

C, E and J combined 4.60 10.7 87 5.66 10.4

Flange material only. Not gii

RESTRP
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TBLE V

Moans of Torsion Test Values

Material Source - CIL . f G
Specification n

laird= Aloys

L33 F 1.66 6 6.67 3 6.12 3 2.95 6
G 1.80 6 7.63 3 7.00 3 3.77 6

153 B 6,68 20 14.27 10 13.10 !10 3.88 20

H 5.48 20 12.82 10 11.76 10 3.74 20

K 7.79 20 16.32 10 15.04 10 3.95 20

DTD 133B C 3.28 6 9.07 3 8,33 3 3.63 6

D 3.45 6 9.37 3 8.60 3 3.68 6

DTD 165 H 3 52 6 9.00 3 8.23 3 3.93 6
J 3.18 6 8.13 3 7.43 3 3.33 6

DTD 24 F 3.16 6 7.70 3 7.10 3 4.07 6
G 3A10 6 857 3 7.80 3 3.43 6

DTD 245 F 6.95 5 9.90 3 9.08 4 4.04 6

G 6.10 6 11.67 3 10.77 3 3.95 6

DTD 250 E 5,54 6 12.38 3 11.4-3 3 3.91 6

DT 255 E 8.68 3 13.85 3 12,70 3 4.27 6

DTD 287 B 3.57 6 8.28 3 7.59 3 3.76 6

DTD 298 A 6.45 4 12.50 3 11.53 3 3.60 6
B 4,27 6 {13.90 2 12.80 2 3.77 6

DM 300 B 9.39 6 11:53 3 11.53 3 3.73 6
B 5.85 6 12.90 3 1t.9 3 3s52 6

DM 304 A 7.87 6 15.07 3 113.87 3 3.9o 6

B 6.25 6 14.47 3 13.30 3 3.83 6

DTD 4 C 2.75 6 8.50 3 7.86 3 3.45 6
D 2,0 6 8.20 3 7.53 3 3.77 6

tH 2.62 6 8.87 3 8.27 3 3.45 6

aa sim Alloys

DTD 281 D 2.30 6 10.00 3 9.30 3 2,22 6
H 2.29 6 9.66 3 8.86 3 2.42 6
J 2.15 6 7.77 3 7,o7 3 2.62 6

DTD 289 C 2.42 6 9.33 3 8.70 3 2.57 6
B 2.13 6 9.11 3 8.35 3 2.10 6

J 1.88 6 9.17 3 8.40 3 2.33 6

-18 -
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TABIR VI

Means of Shear Test Values

ater-ial 5f material Soue f
Mpiati Source -

Specifiation Specification n

Alm Allovs Aluminim Alloys (contd.)

L33 P 7.43 9 DTD 298 A 13.30 9G 7.99 91 B 11.47 91

L53 B - - DTD300 A 17.14 9
H - . B 15.61 9
K - - .

''D 3o4 A 16.35 9
DM133B 0 9.62 9 B 15.20 9

D 9.80 9 - -I

D 4D4 0 9.53 9
DTD 165 H 11.08 9 D 10.01 9

J 10.01 9 H 10.949 9

DT 240 P 9.63 9 Magesum Alloya
G 9.08 9

' 1 DM 281 D 9.89 9
DM 0+5 P 13.02 9 H 10.12 9

G 12.86 9 J 9.04 9
- . - - -

DTD 250 3 14.96 9 D 29 0 9 000 9

DM 255 3 15.35 9 E 9.65 9
DM. 

9.26 9

, 1 7 9.67 9 -

p.

I
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TABLE VII

Means of BearinM Test Values -

Hole Diameter
Ratio: (no l)

Material Source Sheet Thickness
Specification 0.74 1.00 1.25

7_ n n 7 n

AlumiNt~m Alloys

L33 F 14.30 3 11.77 3 10.69 3
" G 16.33 3 13.34 3 12.32 3

*L53 B - - - - 23.99 10
H - 20.91 10
K .- 24.01 10

Df 133B C 20.30 3 18.83 3 17.52 3
" , 16.70 1 19.57 3 18.34 2

DTD 165 H 19.77 3 17.30 3 16.63 3
J 19.21 3 17.28 3 15.57 3

DTD 240 F 19.99 3 18.73 3 17.07 3
G 21.21 3 20,39 3 18.52 3

DTD 245 F - - 26.20 1 25.93 3
" G 31.83 3 30.50 3 29.90 3

UID 250 E 26.90 3 25.90 3 25.20 3
DYD 255 E 37.50 3 35.00 3 34.40 3
ITD 287 E 23.30 3 21,20 3 19.50 3
DTD 298 A 25.70 3 23.47 3 22.53 3

" B 17.97 3 16.28 3 25.53 3
DTD 300 A 32.63 3 29.67 3 28.07 3

B D 25.87 3 23.0 3 17.13 3
DTD 30 A 29.90 3 26.70 3 2697 3

"B 2818,93 3 27.87 3 26.87 3
DTD 42 c 19.87 3 17.63 3 16.27 3

" D 2109 3 17.83 3 17.52 3
H 23.70 3 22A13 3 20.87 3

1 Magnesium Alloys

IDTD 281 D 18,13 3 15.83 3 14.77 3
it H 17*84. 3 16.05 3 t1+.81 3
It J 19.40 3 15.97 3 15.23 3

DTD 289 C 15.67 3 13.92 3 12.52 3
"E 15.51+ 3 13.06 3 12.37 3

J 16.28 3 14.4+7 3 12.90 3

The extension is assumed equally divided between the two
test holes. The values are derived by the "offset" method,
exuept ftr 153, for which a method measurmig the actual
permanent set was used. Evidence at present is that the
'permanent set' method gives values about 10% lower than
the 'offset' method.

=0
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TABLI VIII

Mea s* of BEM"d± Test Value

Material Tension 1lange Compression Flange Ulti-
Speoif'- Souroe , ma--e

n B2 I B Stress
Bo.5  - -o. 5 -B 1  2 s B

Alux1idun Alloys

L53 p 3.91 4.58 5.52 9.73 3.95 4.59 5.43 9.95 11.56
G 4.50 5.21 6.24 11.73 4.46 5.31 6.51 12.26 14.34

153 B 12.19 13.37 15.05 8.52 13.43 14.5 15.60 8.91 21.53
H 11.68 12.52 13.22 8992 11.97 13.07 13.99 9.21 20.61
K 12.35 13.33 14.60 8.92 13.10 14.17 15.55 9.11 19.56

DlD 133B C 7.53 8.67 9.94 10.14 8.25 9.32 10.33 9.79 13.15
D 8.61 9.70 11.07 9.98 9.43 9.94 11.4.0 10.36 14.92

DM 165 H 7.62 8.56 9.59 9.70 7,89 8.71 9.64 8.63 15.55
J 7.64 8.62 9.72 9.14 8.16 8.99 10.31 9.73 10.89

DD 240 P 7.14+ 8.47 9.90 10.28 7.50 8.77 10.12 10.26 13.59
G 8.30 9.60 11.12 10.07 8.90 10d47 10.95 10.04 14.72

DTD 245 F 17.62 17.76 19.31 10.28 17.63 18,45 19.95 10.38 20.16
" G 13.81 15.79 17.85 9.69 14.01 16.23 18.53 10.11 22.35

DTD 250 B 10.59 12.28 14.29 10.13 11.20 13.19 14.92 12.20 20.22
DlD 255 E 17.63 20.28 - 20.07 20.14J.4 - 10.61 21.10
DTD 287 R 8.52 10.38 10.36 9.68 9.82 11.11 11.09 9.17 12.61
DID 298 A 1240 13.30 14.40 9.62 13.46 - - 9,80 17.13

B 7.44 8.4.6 9.6+ 9.89 8.66 9.58 10.75 10.54 17.62
DTD 300 A 14.44 16,07 18.08 9.86 - - - 23.95

B 13.14 14.62 16.15 9.23 13.93 14.76 - 9.25 19.99
IDTD 304 A 14.57 16.00 17.70 10.42 14.88 16.09 17.06 10.12 23.89

B 13.98 149.83 17.07 9.99 13.25 %. 46 - 9.89 21.74
DTD 424 C 6.35 7.55 8.97 10.73 6.86 7.95 9.32 10.77 13.48

D 7.22 8,14 9.11 9.31 7.72 8.81 9.61 11.17 11.97
H 7.80 8.95 10.39 10.11 8.09 9.26 10.66 10.27 4.t31

IDT 281 D 5.33 6.47 7.78 5.41 5.56 6.95 - 5.88 17.22
H 5.54 6.88 - 5.74 5.93 7.45 - 5.90 15.74
" J ,91 6.36 8.20 6.74 6.00 7.36 8.92 6.57 14.18

ID 289 C 4.58 5.57 6.76 5.30 4*98 5.87 6.78 5.40 16.24
3 4.66 5.81 7.46 5.95 4.78 5.94 7.69 5.86 15.25
3 4.96 6.02 7.52 5.88 4.69 5.75 7.26 5,77 15.69

* The values are means of not more than three results.
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TAMLE X

Means of Tensile Test Values from Cast Test Bars

Material t1 _ t2  tftE
Specifi- Source .....
cation [n n 5 1 n n. n

Aluminium Alloys

L33 F 3.89 9 4.49 9 5.75 9 10.30 9 10.72 9
G 3.4.7 3 4.18 3 5.53 3 10.42 3 11.14 3

163 B 12.44 12 13.34 12 14.68 12 21.82 12 10.63 12
" H 12.79 6 13.66 6 15.10 6 19.98 6 10.07 6
" K 13.24 10 14.26 10 15.85 10 22.08 10 10.19 10

DTD 133B C 7.16 3 8.03 3 9.44 3 11.72 3 11.06 3
D 7.51 3 8,49 3 9.93 3 12.19 3 11.76 3

DTD 165 H 4.84 10 5.45 10 6.32 10 11.72 10 10.64 10" J 6.17 3 6.81 3 7.59 3 9.22 3 9.70 3
DTD 240 F 6.80 14 7.96 14. 9.60 14 11.40 16 10.13 14

"* 5.69 3 698 3 8.79 3 11.60 3 11.85 3
DT 245 F 14.33 9 15.83 9 16.30 5 17.05 9 10.91 9

" G 12.19 3 13.27 3 14.75 3 15,84 3 10.01 3
DTD 250 E 11.86 4 12.98 4 14.72 4 15.57 4 10.66 4
DTD .255 E 18.01 2 19.21 2 - - 19.55 4 9.95 4
DTD 287 E 6.66 4 7.65 4 9.06 4 10.58 4 9.59 4
DTD 298 A 8.82 3 - - - - 15.77 3 9.38 3

" B - - - - - -14.19 8 - -
DTD 300 A - - 17.85 4 - -

" B . . .- -17.43 3 - -
D]D 304 A 12.72 3 13.64 3 14.99 3 18.31 3 9.66 3

B - - - - - - 18.59 8 - -
UI]D 424 0 4.21 3 5.29 3 6.94 3 9.55 3 10.89 3

" D 6.19 3 7.31 3 9.12 3 10.45 3 10.40 3
H 6.06 8 7.23 8 9.01 8 11.04 8 10.27 8

DTD 281 D 5.18 8 6.32 8 8.00 8 18.34 8 6.13 8
" H 4.87 15 6.07 15 8.01 15 13.23 15 5.97 15
it J 4.66 3 5.79 3 7.57 3 16.29 3 6.23 3

DTID 289 0 4.55 3 5.52 3 7.12 3 16.32 3 6.15 3
E 4,.56 6 5.46 6 6.92 6 15.79 6 5.34 6
J 4.57 3 5.61 3 7.20 3 14.63 3 6.81 3

* One specimen from this source had a coarser and darker grain structure
and lower test values than the other two. The mean values are
correspondingly lower.

-24.
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TABLE XII

Mean Tensile Strengths of Various Parts of the Casting
Expressed in Terms of the Mean Tensile Strength of the Barrel

Material Proof Stress tjUltimate Stress ft
Speoifi- Source Cylinder Cylinder Beam Cylinder Cylindsr {Beamcation Boss Flae Flange Boss lange Flame

AlUaminimw Alloys

L33 F 0.86 0.99 I.16 1.06 1.08 1.06
" G 0.93 1,10 1.04 0.98 1905 1.01+

L53 B - 0.94 - - 1.36 -
SH - 1.05 - 1.19

" K - 1.01 - - 1.10 -
DTD 133B C 1 .04 1.05 1.08 0.97 1.02 1.00

" D 0.89 1.04 1.00 0.93 1.07 1.08
DTD 165 H 1.01 1.03 0.99 1.14 1.26 1.02

I J 0.96 0.97 0.93 1.00 1.05 1.10
DTD 240 F 1,02 1.16 1.15 1.06 1.12 1,06

G 1.03 0.99 1.08 1.06 1.09 1.12
DTD 245 F 1.12 1.17 1.15 1.11 1.16 1,22

" 1.03 1.07 1.09 1.0. 1.15 1.13
ITD 50 E 0,98 0.93 1.12 0.97 I.I0 1.18
DTD 255 E 1.03 1.07 1.09 1.02 1.d1 1.23
DTD 287 E 0.90 0.99 1.01 1.01 1.13 1.10
DTD 298 A 0.93 0.90 1.01 1.09 0.96 1.01

" B 0.86 0.97 0.90 1.00 1.09 1.01
DTD 300 A 0.88 0.87 1.01 0.97 0.90 1.06

" B 0.93 0.94 1.02 1.01 1.29 1.12
DTD 304 A 0.97 0.94 0.98 1.13 1.04 1.06

" B 0.91 0.92 1.01 0.93 1.09 1.00
DTD 42. C 1.00 1.24 1.18 1.04 1.01 0.98

" D 0993 1.08 0.91 0.95 1.08 1.08
H 0.92 1.07 1.00 0.92 1.07 1.03

Mean Values for 096 1.02 1.04 1.02 1.10 1.08
Aluminium Alloys) 0.9_ I .0 __.0 10 1.0 .8

Ma nesi n Allows

DTD 281 D 0.92 1.00 1.06 1.06 I.1l 1.20
H 0.95 1.07 1.19 1.21 1.12 1.24
J 1,05 0.95 1.12 1.17 1.26 1.36

DTD 289 C 0.97 1.08 1,02 IO4 1.21 1,12
E 1.03 1.06 1.19 1.18 1.18 1.17
J 1,01 1.07 1.06 1.04 1.13 1.22

Mean Values for)
Magnesiu Allys) 0.99 1.04 I.1 1.12 1.17 1.22
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S=AriY of Correlation Data

(Aluminium Alloy onl)

e e limitsabove and below
the beat line,

Propertie Correlated Mean ISuation of Line within whieh 8i

of results may be
.. .. ..._ expected to lie.

Casting t1 - Test bar t1 Casting t1 -0.81 xTest bar t1 + 1.7 0,940 12.

Casting ft - Test bar ft Cast Ing ft 0.97XTest bar ft +0.09 0.970 + 5.%

Casting t 2 - Casting t1  t2  1.07 t1 + 0.4 0.998 ±2.4

Casting t 5 - Casting t1  t 5 - 1.12 t1 + 1.37 0,992 ±5.4

Casting f - Casting t1  ft = 0.87 t1 + 5.6 0.870 16.4%

Castingnt 1 q 1 o.63 t 1 - 0.8 0.924 ± 24.(%

Casting qA - Casting f t QA 0 0.71 ft 1-25 0. 843 17.10

Casting fs - Casting ft fs - 0.79 ft + 1.5 0.888 ;L 15.(S

Casting tq" Casting Is f . - 0.76 f, + 1.3 0.864 . 14.31LPin diameter
8ettines0.74 b 10 - 1.72 ti + 8.8 0.942 ±9.90Shoot thickness

Pin diameter blo - 1.58 t1 * 7.9 0.944 + 9,l
Casting blo 8heeto thickness

- Casting t1
Pin diameter 1.25 blo . 1.64 t1 + 6.3 0.947 . 9.%

Sheet thickness

Oll ratios ombIned blo - 1.62 t1 + 7.8 0.917 15.(e%

Casting B1 - Casting t i  - 1.1.5 t1 + 1.3 0.960 ± 16.1%

Casting Br - Casting ft Br a 1.19 ft + 1.3 0.951 ± 8.3%

SCasting L- Casting t10(thnsle) 1 - 0.95 t1 + 1.9 0,932 ± 11.Ot Castring Ll~he, - Casting t I  0 .4,3 t1 * 1.9 0.932 .± 11.1%i

E Casting LF(tevulle) - Casting ft 9T - 1.01 ft - 1.3 0.918 ± 13.2

t Cati1L(sJa.) -"Casting ft Lis a 0.50 ft + 0.3 0.95 . 9.3

• Values for Lug No.3 used. Values for Lug No.1 used.

I27
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TA Z XIV

Mean Values and CAeffic±ents of
Variation of ihe Elastic Moduli

E G
Material 

G

5 n -% n

Aluminium AJl.oys 10.27 x j06 11.1 825 3.76 x 106 9.3 186

Magnesium Alloys 6.27 x 106 13.6 214. 2.38 x j06 10.3 36

-28-
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