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Effect of Valence Electron Structures of Different

Targets on Deformations of Tungsten Alloy Penetrators
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Abstract: 45steel targets and 30CrMnM o steel targets were penetrated respectively to analyze different
microstructure characteristic of residual projectiles by launching small diameter 93W projectiles. It is
shown that deformations of residual projectiles are related to performance of targets. The valence elec
tron structures of the two kinds of targets are analyzed according to the EET (the Empirical Electron
Theory of solids and molecules) . T here is small force on penetrators after penetrating 45 steel targets
because of weak G-Fe bond, so grains on the heads of residual projectiles were broken up and the
heads of residual projectiles that are just like “mushroom head” were not destroyed by adiabatic shear.
Powerful force was exerted on residual projectiles after penetrating 30CrM nM o steel targets because of
strong (Mo bond, so the heads of 93W residual projectiles were destroyed by adiabatic shear and had

“self-sharpening” effect.
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Fig. 1 Microstructure of 93W alloy as projectile

Fig.3 Residual projectile (a) embedded in a 30CrMnMo

steel target plate and its microstructure (b)
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Table 1 Valence electron structure in C crystal cell of 45 steel
Hybridization level a: C: 6; Fel: All; Fe2: A10; Fe2: Al10
Bond name 14 D, D na AD g
DGy Fel 4 1. 8879 1. 8870 0. 8532 9. 0000k 04
DS 8 1.8948 1. 8939 0. 8808 9. 0000E 04
D= Fe2 16 2. 6750 2.6741 0. 1930 9. 0000E 04
DFg2-Fe3 16 2. 6750 2.6741 0. 2038 9. 0000E 04
D2~ Fe2 8 2. 6801 2.6792 0. 2005 9. 0000E 04
D ' 16 3.2783 3.2774 9.9157 E03 9. 0000E 04
D= e 2 3.7759 3.7750 5. 7369E- 03 9. 0000E 04
DFgd- Fe3 3.7896 3.7887 9.9157E-03 9. 0000E 04

Yl q¥e= 23.5874, Ln= 20. 1244, ny = 2n./ Lla¥q= 0. 8532
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2 30CrMnMo
Table2 The valence electron structure in G M o crystal cell of 30CrM nMo steel
Hybridization level a: C: 6; Mo: 1; Fe2: Al6; Fe3: AlS5
Bond name lq D ya D nq AD
DS Mo 4 1.8513 1. 8658 2.6272 1. 4500 02
DSy Fe2 8 1. 9060 1.9202 0. 5261 1. 4200 02
Do Fe2 16 2.6571 2.6716 0.3639 1. 4500 02
D= te3 16 2.6571 2.6716 0. 0897 1. 4500 02
D= te2 8 2. 6955 2.7100 7. 6775802 1. 4500 02
DEj P 16 3. 2699 3.2844 6. 5070E- 03 1. 4500E 02
D3 Fe3 2 3. 7025 3.7170 3. 1216E-03 1. 4500E 02
D3 Fe3 4 3. 8120 3. 8265 6.5071E- 03 1. 4500E 02
Y= 9. 6577, Xine= 25.3728, ng= 2n./ 2l ¥q= 2. 6272
, 45 30CrM nMo , [9.12]
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Fig.7 Model of atom arrange in a tungsten

grain before high rate impact

Resolved shear stress 7

8 45
Fig. 8 The slip along the direction of slip line in a tungsten

grain after high rate impact for 45 steel target plate
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Fig.9 The slip along the direction of slip line in a tungsten

grain after high rate impact for 30CrMnM o steel target plate
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