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VIHCTUTYT MeXaHWKW, PYXCKWIA TEXHUYECKMIA YHUBepcuTeT, Pura, JSlateus

MpoBefeHa oONTWUMM3ALUUS FEOMeTPUYECKOA (hopMbl LOMNOAHUTENLHOrO MNacTUYHOro pabouero
3NeMeHTa [A5 pPa3NnuHbIX CNyyYaeB yAAapPHOr0 Harpy>keHus. [ns OLEHKU yCUAUIA CuenneHus TsdKe-
NbIX TPY30BblX COCTABOB C pPa3HbIMW BUAAMU aMOpTU3aTOpa UCMONb30BaAM KOHEUHO3NEMEHTHYIO
MofeNlb NNacTUYHOTO 3NeMeHTa. IKCNepUMEHTbI, BKNOUalLiMe MaTeMaTuyeckoe MOAennpoBsa-
HWe, MokasanM, YTO NNacTWYHble paGoune 31eMeHTHI C BbiNyKNoi 06pasytolleil SBNSHOTCA Hau-
60nee 3PHEKTUBHBIMW NPU CTONKHOBEHUSX.
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Fig. 1. Initial position of the FEM model.
Fig. 2. Scheme of the contact element.
Fig. 1 Fig. 3. Scheme of the contact forces with Coulomb friction.
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Fig. 4. The equivalent stress (a) and expansion effort vs working stroke of mandrel (b).
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Energy Absorption Optimization

Table 1
Experimental and Numeric Simulation Results
Compared parameter Experimental result ANSYS Relative deviation,
(Steel 5) (dashed line in Fig. 4) %
Expansion effort F 3560+182 N 3610 N +1.4
Table 2
Characteristics of Full-Scale Plastic Element
Properties of material
[Steel 30KhGS (mandrel), Steel 20Kh (tube)]
Mechanical Geometric
M =84-103 kg weight of the railway car Rd0 = 0.026 m RdK = 0.031 m
p= 0.15 friction coefficient ho = 0.010 m hK = 0.005 m
Gt = 600 MPa yield stress S =0.022m thickness of tube
ETAN =0.01 GPa tangent modulus © =k> cone angle of mandrel
EXXd =198 GPa elastic modulus of mandrel X =1—5m/s initial velocity
EXXp = 200 GPa elastic modulus of tube AmM=02 m maximum working stroke
- O(i) Poisson’s ratio of plastic element

DENS = 7850 kg/m3 material density

Fig. 5. Scheme of variations of the expansion effort F from working stroke A of mandrel.

3. Dynamic Calculation of a Full-Scale Construction. The dynamic
calculation of plastic working element full-scale construction and optimization of
the mandrel dimensions allowed us to obtain the optimal characteristics of the
plastic element. The parameters of deformable tube for a plastic element
(preferable length and materials) are determined in Table 2.

In the above calculations, a 4-axle open wagon with a mass of 8410 kg
was accepted as the basic type of railway car.
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Fig. 6. Expansion effort vs working stroke of mandrel (Vi ~ 1m/s, Vi =2 s, e=>\5=5ms).
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Fig. 7. The equivalent stress ae of plastic working element for different forms of the cone
generating line of mandrel: (a) straight line, (b) concave line, (c) convex line. Speed of loading -
x =305 m/s. [(a) ae =0.665+109 N (tube), ae =1160-109 N (mandrel); (b) ae =0.647-109 N

(tube), ae =1.400-109 N (mandrel); (c) ae =0.626-109 N (tube), ae = 1.010-109 N (mandrel).]
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Energy Absorption Optimization
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Fig. 8. Calculation of expansion effort vs working stroke of mandrel for different forms of cone
generating line: (/) RAD = oo (2) RAD =0.04 m; (3) RAD =0.04 m, X = 3.05 m/s.
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