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A Study on the Optimum Design and Structural Behaviors of
Aluminium Extrusions
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Abstract

Large aluminium extrusions can be used in rolling stocks and high speed vessels to reduce
weight and labor cost. As sandwich plates with corrugated core have enough strength in
transverse and longitudinal direction, welding lines to commect members are reduced and
transverse members to stregthen longitudinal members are not required. However, for proper
design of aluminium extrusion plates, understanding of structural behaviors of the extrusions
are necessary. In this paper, at first, detaled finite element analysis is carried out to
understand structural behavior. And then, simple theoretical formulas for design purpose are
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proposed using the orthotropic plate theory. Shear stresses resulting from end twisting which
is characteristics of deep aluminium extrusion plates can also be calculated by the simple
theoretical formula. Comparison with the results by detailed finite element analysis shows
good accuracy of the proposed simple formulas. The simple forrmulas can be useful in

repetitive analysis in the initial design stage.
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Sectional view of high speed train
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Design with Large Extrusions

Fig.1 Example of structure using large
extrusion
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Fig. 3 Finite element model of aluminum
extrusion plate

Normal prerssure = 1.0X10-3 kg mm?2

Breadth b = 2.080mm
Length a = 4.160mm
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Fig. 4 Deformed shape and stress contour

Table 1 Calculated Displacements and
Stresses

Aspect
Itermn atio 1 15 2 3
Maximum
Displacement | -1.259] ~-2.462| -3.079] -3.726
(mm)

Stress, |max.| ~1.572] ~2.315| ~2.668| ~3.020
Oy (top) | min.| 8915 1.630] 1980 2.319
Stress, {max.| ~1.182] -1.283] -1.223| -1.174
Ox (top) | min. | 8890 9655 9251 .8824
Stress, |max.| -.8920] -1.721] -2.068] ~2.413
Oy (mig) | min. | 9371| 1705| 2.069| 2.420
Stress, |max.| -.9849, -1.081] -1031] -.9737
T (mig) | min. | 9296 1.009] 9669 .9221
Stress, [max.| -.7297| -.9163| -.9698, -.9698
Txz (mig) | mmin. | 4206] 4046| 3993 3977
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Fig. 5 Orthotropic plate under uniform
pressure
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Table 2 Constants a, Bl and B2 for a
simply supported rectangular orthotropic
plate

n a B | B | n a Bi | B
1 [.00407 10368 |.0368 | 1.8 {.00932 |.0214 |.0834
1.1 |.00488 |.0359 (0447 | 1.9 [.00974 |.0191 |.0929
1.2 {00565 |.0344 | 0524 | 2.0 (01013 |.0174 [.0964
1.3 00639 |.0324 [.0597 | 25 |.01150 |.0099 |.1100
1.4 [.00709 1.0303 |.0665 01223 {0085 |.1172
1.5 [00772 10280 |.0728 01282 [.0015 [.1230
1.6 00831 [.0257 |.078 01297 0004 |.1245
1.7 1.00884 (0235 [.0837 01302 |0 1250
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Table 3 Constant gl. g2 and s1 for a
simply supported rectangular orthotropic
plate

n o q Si n qi q S1
1 1.00407 |.0368 0368 | 1.8 (2765 [.2627 |.04160
1.1 [.00488 |.0359 |.0447 | 1.9 |.2896 [.2802 |.04209
1.2 |.00065 10344 1.0324 | 2.0 [.3028 2974 |.04248
1.3 1.00639 |.0324 1.0597 | 25 |.3709 {3790 ].04340
1.4 1.00709 1.0303 |.0665 A404 14570 1.04364
1.5 [.00772 1.0280 |.0728 D185 6102 1.04371
16 100831 0257 [.078% 713217628 04371
1.7 1.00884 1.0235 1.0837

(ST QRS N V)

g, = (0.353612+1.35448 7)) x 10 ™% (19)

gs = (—0.377094 + 1.621347) x 10 % (20
s; = (—4.86862+ 13.8118 p—7.958227

+2.076487° — 0.205487%) x 10 ~*
(21)
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Table 4. Optimized results for the
aluminum extrusion profiles upon the
distance of core plates(=¢l. mm)

dde B4 s, (74291867 104 | 130 [1733) 260 | 520

date WA £y 12321239249 27 | 29836800

Ao AFA £ | 20 1204120 [ 20120 | 20 | 347

Aol Ael k. [7977|7998| 80.0 | 80.0 | 800 | 80.0 | 80.0

gy R 938 19.06 | 867 | 858 | 869 | 981 |15.52
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Table 5 Comparison of a design with
aluminum extrusion profiles and
conventional design
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