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I . INTROI)UCTION

A series of four  oblique impact computations (30°, 45 °, 60°, and
77 .5°) involving a copper jet impacting a steel plate were comp le ted in
1975 for the Ballistic Research Laboratory. 1 This work was performed
using TRIDORF 2 and DORF 3

’~ and ancillary programs CUBIT 3 and ADJUST3

under Contract No. DAADO5-75-C-0738.

The effort for 1976 has been directed towards a graphical display
of the data from these computations. The results of the 30° obl i qui ty
impact are reported here; the 45 0, 60°, and 77.5° obliqui ties are
presented in sequential volumes .

II. DESCRIPTION OF THE PROBLEM

The 30° oblique impact computation involved a copper jet with a
0.7086-mm radius impac ting on a 12.7-mm thick steel target. The obli qui tv
angle is measured between the normal to the target and the axis of the
jet. Since TRIDORF uses a rectangular grid , the copper j e t was trea ted
as a bar wi th a square cross section of 1.256-mm width , thus preserving
the cross-sectional area of the jet. The impact velocity was 7.55 km/s.

The Tillo tson 5 form of the equation of state was used for the
calcula tions.

A view of a three-dimensional grid is shown in Figure 1. Each cell
is iden tified by the coordinates (I,J ,K ) ,  which number the cells in the
x ,v ,z-directions , respectivel y. The overall size of the computational

• grid was x = 39.25~ mm by y = 40.270 mm by z = 17.539 mm. The maximum
number of cells in the  x-direction was I = 42, in the y—direction , J = .18 ,
and in the z-direction , K = 18. The total number of cells in the grid
was 36 ,288. Table I presen ts the d i m e n s i o n s  of the c e l l s , DX , DY , and
D , and the grid coordinates as shown in Figure 1. These data are
displa yed in Fi gure 2.

1. W. E. Jc Izn~ ’ u, “Th ’tee— V-ôaeui ~ ‘~ia.C Comj: u.ta.t.j.o~e~ on Pe.~i ta.to -t—Ta ~ c~c t
ln~toj tac.tLoii~s , ” Ba ~~~~~ Re,~ea.tc h Labon.a.to~ j Cont.kac.to’t Rej1o~~t
i.Jo . 338 , Matj  19 17 .

2. a. E. Jolui4on, “TRI VORF - A Two-Mct.t e~~a~ Ve/t~~on o~ the TRJ OI L Code
wi~th S.t~’tenq -th , ” Comru.Wz Code Con.o u an.t~, CCC- 9 76 , Se.~.tenbck 197~ .

• 3. Cc ’. E. John.oon , “Code Co vte.~a..t~Lon S.tadq, ” A~it Fo’tc e C~Je.apokv6 Labo~ca.totu
4 

R erc ”t.t No. AF OJL~TR~ 7O~ 144 , ApieL~ 19 11.
4. W.  E.  Joh no on , “Veve ~orrnci t.t and App~~ca.t~ou o~ Co~rpwte ’t P~e ari~c tc

H~j pe ~ ve.~oc. .tu I mpact , ” S~j ~s.t eim~, Sc.~cnce and So~~iea’t e , 3SR- 749,
• J uJ y 1971 .

5. 3. H. T.~L~o.t~so n , “Mc.ta.U.ic Equa.t.~on4 o~ S.t.a.te ~o’t H 1r oneef c c ~ tt ’
Irnpac t , ” Gw~~~ Ge.ne ’ta~ A.torn~ic , GA-32 16 , JuL u 1962 .
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The x v — p l a n e  was used as a i ) lane  of sy m m e t r y  t h r n L ~~l t h e  l a r  i n
o r der  to  kee p the  number of c o mp u t a t i o n a l  c e l l s  a t  a m i i i  i r i i i i rn .  F l  I ’llrl 3
shows  t he  p e n e t r a t o r — t a r g e t  c o n f i gurat  ion as i t  ~~is b a t e d  i ll t h e
c o m p u t a t i o n a l  g r i d .

I I I .  GRAPHICAL RESULTS

The numerical output of the computations are presented as density
~ind pressure fields. The density and pressure are p lotted on a two -
dimensional spatial plane having the coordinates corresponding to t he
centers of cells. The fields are plotted such that a cell-number
coordinate is held constant . For example , K may be constant meaning that
the density or pressure is being presented for the cells between ti; )

• :-planes bounding the K-cells. These bounding planes will be indicated
in each figure . Figures 2 and 3 should be useful for orienting one~ e1f
in the grid.

.1

The density scale for the density field plots can he r e u l i : c ’d  from
the initial density of the jet and the target , 8.9 and 7.8 Mg/rn3 ,
respectivel y. The density scale is the same in all the density fie id
p l o t s .

The pressure scale is not the same in all the pressure field pl i s;
therefore , the maximum pressure, Pmax , is indicated on each figure.

The first set of figures, Figures 4— 15 , shows the density and
pressure fields at a constant time of 0.629 ps for various K-slabs which

• are numbered from the plane of symmetry . The jet appears distinctl y
only when K = 1 and K = 2 since, initially, the jet was two cells in
width from the plane of symmetry .

The second set of figures, Fi gures 16—26 , shows the density and
pressure fields at a constant time of 1.34 ps for various K-slabs. Data
for K = 6 , 9, and 10 could not be recovered from the magnetic output
tapes for  plotting.

The third set of figures , Figures 27—44, shows the d e n s i t y  and
pressure fields at a constant time of 2.84 ps for various K-slabs .

The fourth set of figures, Figures 45—61 , shows the density and
pressure fields at a constant time of 3.60 US for various k-slabs.

Fi gures 62—63 show the density and pressure fields at a constant
time of 2.84 us for slabs I = 10 and I = 21 , r e s p e c t i v e l y .  No te  t h a t
the jet appears distinctl y only for I = 21 since this slab initiall y4 contained part of the jet.

A comparison of the density and pressure fields at K = 1 for  v a r i o u s
• times is shown in Figures 64—65.

8
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IV. SUMMARY

Numer i ca l  compu ta t i ons  were made in 1975 of oblique impact problems.
A graphical disp lay of the results of the 30° impact of a copper jet on
a steel target are presented for future analysis. The results for the
30°, 60°, and 77.5° oblique impacts are presented in sequentia l volumes.
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T a b l e  1.  c r i d  C o o r d i n a t e s  and L c l  I D i m e n s i o n s

x mm ) 1) N ( i i i i i i  ) J y (miii ) DY (mm ) z ( mm ) - I 7 ( nfl ’

1 4. 730 4 . 7 3 0  1 6 .990  0 .990 1 0.314 0.3 1 1
2 6. 84 7 2 . 117 2 8 . 790 1.800 2 0. 628 0. 3 1 - 1
3 8. S 11 1 .691 3 10 . 390 1 . 000 3 0 . U - I 2 1 ) . 3 1 1
4 9. 1.355 4 11 .790 1. 2 00  4 1 .256 (2 .3 1 1
5 10.980 1.08 1 5 12 .990 1.200 5 1 . eOl  0 . 3 2 5
6 ll .9o5 0.985 6 13 .990 1 .000 6 1.981 0.38(1

~ 12. 86 1 0. 896 7 14 .7 9 0  0.800 ‘ 2 . 3U9 0 . l l h
S 13. 675 0.814 8 15.390 0.600 8 2.859 0. 1 6 ( 1
9 14 .415 0 . 7 4 0  9 15.890 0.500 9 3.5(5 0.SO

10 15.088 0 .673  10 16 .290  0. 400 10 3 .92 1 0 .S S o
11 15.707 0 .619 11 16 .604 0 . 3 14  11 I ..S I L )  0 . 1 , 1 9
12 16.203  0.556 12 16.918 0 . 3 1 - 1  12 5 . 2 1 3  ) . 3
13 l6.Th9 0.506 13 17 . 2 3 2  0 .314  13 5 .9 5 3  0 . 740
14 17 .2 2 9  0. 160 14 17.546 0 . 3 1 4  11 ( . 767 (‘ . 8 1 2
15 l7 .olT 0. 118 15 17 .860 0 .314  15 7 . , o 3  l . 8 9 ( -

16 18.02 ’ 0.380 16 1 8 . i 7 4  0 .314 16 5 . 6. 1 8  ( ‘ ( 8 5
I T  18.372  0 .345 17 18 .4 S8 0 .3 14 1 p . 32 1 . ONI
18 18.636 0.314 18 18 .802  0 .3 14  18 17 . S S p  T . S ’ ~
19 19 .000 0. 314 19 19.116 0.314
20 19.314 0 .314 20 19.430 0 .314

• 21 19.628 0.31 1 21 19 .744  0.314
-: 2 19.942  0 .314 22 20 .058 0 .514

23 2 0 . 2 5 6  0 .314 23 2 0 . 3 7 2  0.31-1
2 .2 .~0 .570 0.314 24 20 .686  0 .514
25 2 0 . 884  0 . 3 1 4  25 21.000 0.31 1
26 2 1 . 2 2 9  0 .345  26 21.31 1 0 .311
27 21 .609 0.380 27 2 1 . 6 2 8  0 .314
28 2 2 . 0 2 7  0.418 28 2 1 .973 0 .34 5
29 2.487 0.469 29 22 .353 0.380
30 2 2 . 9 9 3  0 .506 30 22 . T l 0 . 1 18
31 2 3 . 54 9  0.556 31 2 3 .23 1  0 . 1 0 0
32 2 4 . 16 8  0.6 19 32 23 .737 0 .506
33 ~4 . s 1 i  0 .o73 33 2-1.293 0.556
51 2 5 .58 1  0 . 7 4 0  34 2 4 . 9 12  0 .619
35 26 .395  0.814 35 2 5 .585 0 .673
36 27 .291 0.896 36 2 o . 32 5  0 . 7 2 0
37 2 8 . 2 7 6  0.985 37 27.139 0.81 .2
38 29 .360  1.084 38 28 .035 0 .896
39 30.715 1.355 39 29.020 0.985
40 32 .409 1.694 10 30.104 1.084
-1 1 3- 1 .52 6  2 .117 4 1 31. 159 1.355
4 3 9 . 2 5 0  4 .730  42 33.153 1.o94

43 35 . 2 7 0  2 .117
1.1 37.700 2.500
15 40 .270  2. 500
46 42.770 2.500
47 4 5 . 2 7 0  2.500
48 47 .770 2 .500
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