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The purpose of this report is to give the results of
an experimental investigation of the structural properties of
high mOduLLS aluminium alloye.

. The tests carried out ccnsisted of tension,
compression, hardness, bending and compression panel
investigationse

It was found that high modulus material is difficult
to form and very prone to cracking on failuree.

Thus although the materlal has a definite structural
%ppllcatlong in view of the forming and cracking problems it is
d0ubtfu1 whether further development is worthwhlle*




1.0 Introduction

In the structural design of certain high Speed aircra fta
it is found that the requlrements for adequate stlffneoLQ rather
than strength, are the governing criteria. One of the ways
by which this can be alleviated is to use a structural material
having a high elastic modulus, Accordingly, with this in view,
an aluminium alloy has been deve‘oped which has a Young's
Modulus of approximately 12 x glo/sq.,ln.,9 rather than the more
customary 10 x 10°1lb/sg.1in.

- The purpose of this report is to describe an
experimental investigation of the structural potential‘tieo of
this materials Originally the work was intended to cover two
spheres. Firstly, an investigation of the general properties
of the material, and its behaviour when used in compression
panels. Second1y9 to study it when used for the construction of
a multi~web swept box beams Unfortunately material for this
latter part was not available, and so this aspect has not been

covered.

- 2.0 Material

The material used was all supplied through the Royal
Aircraft Establishment, and was in rolled sheets, five and a half
feet by two and a half feet, of nominal 16 gauge. No SPSlelCathw
code was given, and tnroughouu this report it is referred to as
"High E" material,

3.1 Control Tests

- In order to establish the properties of the material
-in comparison with more commonly used aluminium alloy sheets,
a series of control tests was carried oute. Pive separate cases
were investigated, namely, DeTeDs 610; DeToeDs 546; D.ToDe 687
and High E, all in the condition as received, and High E after
annealing and the subsequent heat treatment. This latter was
as recommended by the R.A.EH., and is given in Table 1.

A comparison of the tensile properties for each of
these cases, both longitudinally and laterally with respsect to
the direction of rolly, are given in Table 1. A standard 0.5 1n.
wide specimen having a 2.0 in. gauge length was used. The
corresponding compression properties obtained from a 1.0 in. wide
specimen are shown in Table 2.
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Vickers Diamond Pyramid hardness tests gave the rgsults
shown in Table 3. - o

o From these Tables it can be seen that the High E
material has a strength comparable t0 DeToeDe 546, and an elastic
modulus gsome 20% greater. It is inferior to Da.T.D. 687 from
the strength aspect, and its elongation is also very loWe. . .-

Tangent Modulus

. The reduced elastic modulus of a material at high
values of stress .is often more important -than the initial value.
The Tangent Moduli of the tested materials in both tension and
compresgion are shown in Figs. 1 and 2. These indicate that
DeToDs - 687 has a higher modulus for stresses above 35,000 to
40,000 1b/sgoin. Above this stress level, the High E behaves
similarly to DeToeDs 546, ‘

Bend Tests

Before constructing panels of High E material, it was
necessary to investigate its forming properties, This was
done by carrying out bend tests on 1.0 in. wide stripse.

The results are given in Table L. : -

The difficulty in forming High E material, and its poor
behaviour under these conditions - even when compared to
DeToDe 687 = are clearly shown by these results.

In addition, subsequent heat treatment was found to
cause  considerable distortion, which was very marked in the
Zed section stringers used for the compression panels. Vertical
quenching was used. , ' ’

Panel Tests‘

Four pénels were tested, the details of which are’given
in FPige3s In all cases the skin was of High E material, but
only in Panel L4 were the stringers also made of this material.

The main results are given in Table 5, while Figsel
. ; d - » - r 3
and 5 show the_fa T and fSkin ‘ fe curxes respegtlvelye

In the first three panels slight skin buckling was
observed at about 26,000 1bs. loads. This did not develop or
affect the load~extension curve. It was probably due to the
skin accommodating slight strain incompatibility between the
stringer rivetse
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From the point of view of ultimate load, or buckling
stress, there is very little to choose betwsen the panels, but
the results do indicate that the use of High E stringers tends
to increase the buckling coefficient, K, an effect also obtained
by increasing stringer area as in Panel 1.

A theoretical comparison for Panels 3 and L, based on
the tangent to the Euler curve, is seen to give a fairly good
prediction of failing stress. In this calculation it was
assumed that the short strut buckling stress was equivalent to
the material ultimate tensile stress, and from previous test
results that the effective length of the panel was 0.6 actuale

Panel 3 was found to have a crack in the skin after
buckling. This crack began at a rivet hole on an edge stringer
and continued to the edge of the skin. Fig.6 shows Panel I after
failures The considerable cracks in the stringers can be seen.
There was also a skin crack similar to that found in Panel 3e
It 1s understood that stringer cracking has previously occurred
in DeTeDo 687 stringers, but the bend test results indicate how
much more prone to this type of failure is High E material.

The implication is that High E material can only be used
in flat or slightly curved sheets and, due to the prcbability of
skin cracking, that the design must be such as to exclude the
possibility of buckling until the ultimate, rather than proofy,
lcad is exceedede. :

Conclusions

- 1) - Due to probability of cracking, High E material is not

sultable for formed sections, and can only be used in
sheets having small curvatures.

2) High E panels must be designed such that buckling occurs
above the ultimate load.

3) DoToDe 687 has a higher tangent modulus for stresses above
559 000 lb/5qe ine

1) As the reduction in panel thickness for a given buckling
stress resulting from the use of High E material is only
10%, @ gein will only result in marginal cases of gauge
thickness,

5} The use of High E material 1s restricted to non buckling
structures where the ultimate stress level is below
35,000 1b/sq.in, and stiffness is the dominant factor.

6) In view of the foregoing conclusions, it is a matter of
conjecture as to whether there is any point in further
developing this materiale




TABLE 1 - Tensile Properties

. E.1b/s8gein 1051% proof stress{02% proof stress!Ultimate Sﬁreés % Blonation
Material % 106 1b/sq.in 1b/sqe.in 1b/sg.in ©  jon 2.0 in.GyI.
Specification n —_—

Long. | Lat.| Long. Tate - | Longs Late Lengo, Late {Long, Iate
DoToDe 610 9.0 | 9.0L{ 36,800 |L4L;000 |39,500 {45,000 {61,250 |62,200 |21.5 |2%.5
(As received) ‘ '
DeToDe 546 9e451 9.0 53,700 {48,500 (55,000 {50,200 {62,600 | 61,500 [1he’5 13.0
(As received) t : | | ,
DeTeDo 687 . Gelily | 94331 69.000 167,300 {71,700 {69,500 178,800 {76,700 111.0 8.5
(As received) | |
High E 118 [11.6 [55,500 |48,700 |57,100 {51,200 |61,000 |61,700 | 1.5 2.C
(As received i .
migh B ° 1200 [12.0 48,800 48,400 51,600 |51,200. |61,500 {59,400 | 6.0 | 2.5 |
(Heat treated); _ | ' 2 ;
. ] : I . ;

* Heat treatment:- Annealed ~-MOOOG‘for 1 hour and quenzh
' Solution treated - 510°C for 1 hour and guench
Aged immediately — 155°C for 2l hours




TABLE 2 - Compressive Properties

E.1b/sg.in x 10°

0.1% Proof Stress

0.2% Proof Stress

Material 1b/sq.in. 1b/sqein.
Specification Long. Late Longe. Iate Long. | Lata
DoTeDo 610 9.83 9483 311,900 39,400 37,800 112,400
(As received)
DeTeDe 546 e 33 10.0 50,900 52,000 53,000 53,200
(As received) ‘
DaToDo 687 1061 1065 72,900 72,300 75,800 755500
(As received) v :
High B 12,6 1262 19,700 55,800 54,200 59,000
(As received |

|
High B © 119 1165 51,100 51,200 54,500 | 54,800
(Heat treated) ;

]

x

Heat treatment:-

‘See Table 1.




TABLE 3 - Hardness

Material Hardﬁess
Specification Noe

DeTeDe 610 138 b0
(As received) =
' aV
DeToDo 546 ;
(As received) 154 =
-
DeTeDo 687 £
(As received) 194 g
%
High E : 0
(As received) 159 &
. : g
' High E ¥ o
(Heat treated) 178 >

= Heat treatment - See
Table 1.

# Mean of large aumber
readings takea on
edge of material

of




TABLE L -~ Rend Tests

% Mean

- Failure Angle - Degrees *
Material
Specification Bend 'Radlus to centre line
| 55T 3. 0T 2.0T 1.5T | 1.0t

DaToDa 610 - - Land Pl -
'tj i
o DeToDe 546 - - - - ~
Eé DcToDo 687 - - o~ hind had
5 High B - ~ 75° # | 68° # | 55°

@ DeToDe 610 - - - - -
o DeToDs 546 = - 60° 514° 1,8°
Q -0 (o] -0
0 DeToDo 687 - - 65 L5 113
0 High B %1° 28° 259 570 53
< ' .
) {
% Mean of four specimeng of 1.0 in. width

of three fractured specimens




TABLE 5 - Panel Tests

| Stresses 1b/sqg.in. Ultimate _
Panel : T0ad K
Buckling Buckling Pailing Failing Theoretical -
Bdge® Skin Edge " 8Skin Failing 1bs
1 22,100 31,700 23,700 35,000 - Ul, 600 Lo 9
2 21,700 28,500 335400 32,900 - 16,400 Le2
3 21,400 30,200 30,800 33,400 36,000 45,600 o5
L 28,200 31,400 36,000 BM;ZOO 36,5500 L8,800 L. 85
%

aprroximately 26,000 1bs loads

# Based on tangent to Euler curve.

equivalent to Ultimate Tensile Stresse

Slight skin buckling observed in Panels 1,2 and 3 it

Short strut strass
Effectivs length 0.6.%
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