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Table 1 Calculating formula of related properties for functionally graded density impactor

Property Calculating formula Property Calculating formula
Density,p/(g/cm®) Z Z Specific heat,cy /[J/(g + K) ] v = Zazv
P —
Sound velocity.c/(km/s) f}l - = 2 [()1, 5 Griineisen constant,y —
= = pV
Wave impedance,Z/[ 107 kg/(m” ) | le = E o Hugoniot coefficient,A A= 7(}’+ D
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Table 2 Parameters of the nineteen constituents for a tape cast Mg-Cu powder mixture

Tape n  wwe /(Y we,/(Y) p/(g/cm®) ¢,/ (km/s) A Y G/(GPa) Z/[10"kg/(m® « s)]
1 0. 00 100. 00 8.924 3.91 1. 510 1. 990 48. 4 3. 489
2 1. 29 98.71 8. 504 3.71 1.474 1. 949 43.8 3.152
3 3.22 96. 78 7.895 3.50 1. 446 1. 892 38.5 2.763
4 5.27 94.73 7.335 3. 37 1.421 1. 842 34.6 2.474
5 7.42 92.58 6.811 3. 30 1. 399 1. 798 31.6 2.244
6 9.79 90. 21 6. 343 3.25 1. 380 1. 760 29.4 2.064
7 12. 25 87.75 5.917 3.24 1. 364 1.727 27.6 1. 915
8 14.92 85.08 5.509 3.24 1. 349 1. 697 26.1 1.783
9 18. 01 81.99 5.076 3.25 1. 333 1. 666 24.6 1. 652

10 21. 87 78.13 4.638 3.29 1. 318 1. 636 23.3 1. 527
11 26.50 73.50 4. 224 3. 35 1. 304 1. 608 22.2 1.415
12 31. 82 68. 18 3. 804 3.43 1. 290 1. 581 21.2 1. 305
13 37.95 62.05 3. 420 3.53 1. 278 1. 557 20. 3 1. 208
14 46. 14 53. 86 3.019 3.67 1. 266 1.533 19.5 1. 107
15 56. 80 43. 20 2. 586 3. 86 1. 254 1. 507 18.7 0.999
16 70. 28 29.72 2.203 4. 10 1.243 1. 485 18.0 0.903
17 80. 04 19. 96 1.984 4. 27 1. 237 1.473 17.7 0. 847
18 89. 15 10. 85 1. 819 4.42 1. 232 1. 464 17. 4 0. 804
19 100. 00 0. 00 1. 740 4. 50 1. 260 1. 460 17.3 0.783
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Comparison of the flyer free surface velocity
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Table 3 Parameters of the twelve constituents for a tape cast Mg-W powder mixture

Tape n  wwe/(Y)  we, /(Y p/(g/cm®) ¢,/(km/s) A Y G/(GPa) Z/[10"kg/(m®* « s) ]
1/0.5 mm 15.0 85.0 7.664 2.56 1. 180 1. 360 24. 8 1. 966
2/0.4 mm 17.0 83.0 7.096 2.61 1. 185 1. 369 23.8 1. 854
3/0.2 mm 20. 0 80. 0 6. 385 2.69 1. 190 1. 380 22.6 1.716
4/0. 2 mm 30. 0 70.0 4.788 2.95 1.203 1. 407 20. 5 1.413
5/0.2 mm 45.0 55.0 3. 481 3. 33 1. 215 1.429 19.0 1. 160
6/0.2 mm 60. 0 40. 0 2.735 3.68 1.221 1. 442 18. 2 1. 007
7/0.2 mm 70.0 30. 0 2.393 3. 90 1.224 1. 448 17.9 0.934
8/0.2 mm 77.0 23.0 2.200 4. 05 1. 226 1.452 17.7 0. 891
9/0.2 mm 85.0 15.0 2.015 4.21 1.228 1. 455 17.5 0. 849

10/0. 2 mm 90.0 10. 0 1.914 4. 31 1. 228 1. 457 17. 4 0. 825
11/0. 3 mm 95.0 5.0 1.823 4. 41 1. 229 1. 458 17.3 0. 803
12/0.8 mm  100.0 0.0 1. 740 4. 50 1. 260 1. 460 17.3 0.783
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Computational Design of Graded Density Impactors for Shock Loading

and Quasi-Isentropic Compression

BAI Jing-Song' , LUO Guo-Qiang"*, TANG Mi',HU Jian-Bo',
DAI Cheng-Da' ,MA Yun',TAN Hua', WU Qiang'

(1. National Key Laboratory of Shock Wave and Detonation Physics ,
Institute o f Fluid Physics \CAEP ,Mianyang 621900,China;
2. State Key Laboratory of Advanced Technology for Materials Synthesis and Processing »
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Abstract: The method of 1D elastic-plastic hydrodynamic calculations, the mixing model of different

material constituents,and the shock dynamics code of compressible fluids were verified through the
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overall comparisons of the calculated results with the experimental data from Lawrence Livermore
National Laboratory (LLNL). A Mg-W system prepared for graded density impactor (GDI) for
quasi-isentropic compression was proposed by means of numerical simulations. By considering the
actual material fabrication, the technical restrictions of minimum thickness of discrete layer,and the
limitation of maximum mixing rate of the two individual constituents,a model GDI of a novel Mg-W
system was designed to actualize the required loading traces and anchor the structural characteristics
of GDI. Numerical calculations show that the loading path and intensity are highly sensitive to the
distribution of wave impedance of GDI. The experimental designs and predictions for different
complicated loading/unloading processes can be realized through model calculations.

Key words: graded density impactor;complicated loading;light-gas gun;computation; Mg-W system
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