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SummeryA new experimental device (ACTRbsorption par Compression-Torsion Plastijjder the complex dynamic plastic
buckling of tubes is used generating a biaxial iloggath (combined compression-torsion) from a xialdoading to improve the
energy absorbed. Metallic tubes made form staindéssl 316 are investigated. The results show tthathigher biaxial loading
complexity provided by the ACTP is applied; the geeas the energy absorbed. Thus, the enhancemeheienergy absorption
under dynamic loading is higher than 186%, forrtiest complicated loading path compared to the usligase.

INTRODUCTION
Recently, several research programs were interéstéoe uniaxial crush of metallic structures witarious section
shapes, mostly circular or square, using high gthersteels in thin-walled [1]. Hence, the objectioke numerous
research programmes is to design optimized sedf@apes that should maintain almost the maximumiligesdb
allowable force throughout the greatest strokettegring a vehicle crush. Thus, motivated by dgrarance of high
resistance to crush, the dynamic axial crushintpefcylindrical tubes has been largely used assaiya safety concept
adopted since a few decades in structural crashimeds design. The crushing process is stronglyented by
structural and material aspects, strain rate aadiineffects. The developed idea [2,3] focusedhenpossibility of
changing in the material strength properties umniyeamic loading due to the loading path complegaycept given by
the ACTP. Hence, the plastic buckling becomes nzote@ more complicated (giving simultaneously thrééeiknt
strains of compression, bending, and torsion) siacehear component is added to these sequentisephaf
compression and bending under dynamic loading mithe complicated load/unload condition.. Withoueiening on
the nature and on the geometry of the deformedstudmititional energy absorption is demonstratedhfese materials.

EXPERIMENTAL PROGRAM

The ACTP is employed for testing several stainksel tubes (Fig.1). As a result of the loadinghpaamplexity, a
change in the strength properties of the loadedtniads is observed. Several degrees of complegigted to biaxial
loading paths (referred to biaxial 30°, 37°, 458 &0°) are created within the loaded tubes. Theleyed non-welded
circular shells have the following dimensions: ateinal diameters (d) 38 mm with 1 mm thicknesss(f)sed leading
respectively to the following radial geometricatioan (n= R./t) of 19.5, where R is the mean shell radius. A
longitudinal ratio A= R,/L= 0.15) is chosen. Tests are conducted undealinihpact velocity of about 9.5 m/s use
either a masse of 45.5 kg. To ensure the experaheesults accuracy, each test is repeated twickeruthe same
experimental conditions. If the differences betwtenresponses exceed 3%, then another test steolddperformed.
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(1) cylindrical body; (2) roller; (3) intermediateliyder; (4) . . .
receiving disc; (5) higher tightening screw; (6) ceinig ball; (7) Fig. 2 Typical examples of the deformation modes for the

crosspiece; (8) higher disc; (9) specimen; (10)ioeonical specimens having= 15.5 under different dynamic loading
half-shells; (11) basic disc;(12) lower tighteningese; (13) complexities.
lower conical clip; (14) lower disc.

Fig. 1 Brief view of the ACTP device

EXPERIMENTAL RESULTSAND DISCUSSION
The deformation mode is almost of mixed mode (Xipet for these shells. As expected, the diamondqfatie XM
becomes more significant with the increase in tlagling path complexity and substituting the axiswtrin mode (AM)
systematically. It is found that the increase im thrsional component supports, in general, theeammce of the
diamond mode (DM) quite systematically, particiart the biaxial-45° case (Fig.2). The load-defl@ctcurves of
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different quasi-static uniaxial and dynamic biax@dding situations are demonstrated in Fig.3ayTre characterized
primarily by a noticeable increase in the peakagske load (k) particularly during the first plastic flow. In dg
depending proportionally on the loading path comipfe such loads undergo a considerable amplificatiThe
specimens demonstrate a remarkable sensitivityonigtto the strain rate, but also in more impressivanner, to the
loading path complexity effect. Thus, thg, for the three given loading situations are: 2IN6(kee-ends (noted Ref):
quasi-static uniaxial), 32.5 kN (free-ends: dynammitaxial) and 42.3 kN (dynamic biaxial-45°), gigim maximum
increase of 186% in the biaxial-45°. This resulhis. good accordance with those obtained in [3h&aluminum case.
Note that the dynamic velocity decreases naturatigt gradually with crushing continuation up to jooughly the
quasi-static state; and this affects obviously mhaterials responseThe energy absorption is described in Fig.3b
showing a significant enhancement in its value eesalt of the loading path complexity. The estmda¢nergies for the
crushing distance di= 40 mm are: 0.86 kJ for the quasi-static uniaxie, kJ in the case of dynamic uniaxial and 1.69
kJ for the dynamic biaxial-45°. Moreover, the maimenhancement is higher than 185% in favor ofvib&ial-45°
load vis-a-vis a classical uniaxial case for ambaéflection o= 40 mm. In fact, one can interpret this behavipthe
fact that such a material changes its local behatidhe dislocation level with respect to the istrate coupled with
loading path complexity factor as already demotestian [4] in which it is pointed out that the peese of high density
tangled sessile dislocations explains the incredd&0% in the biaxially deformed aluminum (biaxded®).

CONCLUSIONS
As a conclusion, it is found that the higher is itngination angle up to 45° of inclination angéd the more complex
loading is applied, the more severe the rates ahgé of torsional component, and the greater amsecently the

mean collapse load and the corresponding absorierdye Therefore, the enhancement in the energyrptisn for the
stainless steel shells is higher than 185% in theidd-45° case.
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Fig. 2 Evolution of collapse loads (a) and energy absompb) evolutions versus axial deflection unddfedent
loading complexities for the stainless steel 3h6ws8ng a comparison in the absorbed energy araffégsted be loading
complexity and strain rate (c)
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