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On the Penetration Phenomena for Thin and Multi-Layered Finite
Thickness Plates by a Long Rod Penetrator
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Abstract

In this study, we re-examined the Tate’s modified Bernoulli equation to study penetration
phenomena for long rod projectile into single or multi-layered finite thickness plates, We used the
force equlibrium equation at mushroomed nose/target interface instead of conventional pressure
equation at the stagnation point, In our penetration model, we considered the velocity dependent
R, value for semi-infinite target and considered only the back face effect for finite target, To
compensate for R, value according to target’s thickness and back face effect, we used the
spherical cavity expansion theory for semi-infinite plate and used the cylindrical cavity expansion
theory for finite plate, Also we developed the experimental technique using make screen to
measure the penetration duration time at each layered plate, In a 3-layered laminated RHA/mild
steel/Al 7039 plate, we observed that spall had occured around the back face of Al 7039 plate by
the stress wave interaction, Through the comparison between theoretical and experimental data

including Lambert’s results, we conform that our study has good confidences, N
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Table 1 Material property
i Brinell
Densit,
Designation Materials (ker;s1 3}; E(GPa) ( GII{)a) hardness
g/m (MPa)
MS 7850 210 160 150
Target Al7039 2700 70 60 125
340
RHA
7850 210 160 * 260-375
WHA 17200 390 230 375
Rod
* S.7 steel 7850 210 160 | 550

% Lambert’s study (27)
E : Elastic modulus
RHA : Rolled Homogeneous Armor

K : Bulk modulus WHA : Tungsten Heavy Alloy
MS : Mild Steel
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Table 2 Matrix of high velocity impact test
Rod Target
. . Velocity
Series Object Mat'l L/D Mass Mat'l Thickness | (1 /cocy
(gram) (mm)
Test.1 DOP WHA 10.7 22.0 49 MS SI
1057-1778
1114-1705
S- .
* Test.2 Vi —Vies ! 10.0 65 RHA 19.1-51.0 625-1941
steel 20.0
RHA 25.4
Test.3 DOP WHA 10.7 49 AL 7039 26.0 1684
MS SI
RHA 48.0
Test. DOP WHA .
est.4 0 10.7 49 MS S 1637
RHA 28.6
Test.5 TOP WHA 10.7 49 MS 22.0 1349
AL 7039 25.4

% . Lambert’s study (27)

DOP : Depth of Penetration V,. : Residual impact velocity

SI : Semi-Infinite thickness

Z 7] Aok (solid propellant powder) o] o A A] b}
e FAYHE ol&de, FAAZRE 717l
A4xE 243 4 ek £ A7l ALF
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Fig. 6 Schematic diagram of experimental apparatus
for measuring the penetration duration time in
a 3-layered finite thickness plate
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3-layered taget

Thickness DOP TOP (usec) ERROR
Materials
(mm) (mm) Theory Exp. (%)
RHA 28.6 28.6 34.0 29.0 15.0
MS 22.0 50.6 62.0 70.0 13.0
* AL 7039 25.4 76.0 85.0 78.0 8.0

* . Measured spall thickness is 7 mm
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