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Summary

Trials are described in which a number of designs of shaped charges
were fired into semi-infinite armour and against representative tank targets
with a view to assessing their anti-tank capabilities. The charges were of
5.9 inches diameter and constant weight and type of explosive. They were
fitted with conical liners of various materials, angles and wall thickness.

Part I deals with the firings into semi-infinite armour which were
intended to give data on depths of penetration and crater volumes and
profiles. The résults are presented in detail, and some results from

experiments which were carridd out to amplify points arising from the main
programme are also included,

On the basis oft the penetration data, certain designs were selected
for firing against standard tripartite target assemblies to determine
"beyond armour' fragmentation patterns. This work is described in Part II
while the lethality of the charges is assessed and the results discussed in
the light of other work in Part III.

Approved for issue:

L. Northcott, Principal Superintendent, "MX" Division
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I INTROLUCTION

The investigation described in this report was initiated for . .the purpose
of providing background data for the design of large calibre anti-tank warheads
using the shaped charge principle. It has been shown, particularly in work
carried out at B.R.L. during the last few years, that the lethality of shaped
charge warheads depends primarily on the fragments spalled from the inside
surface of the armour, and is not uniquely related to the penetrative ability
of the jet, (1,2,3,4,5). Accordingly in the present work the designs
investigated included a nuumber which were expected to give relatively low
penetration but which it was hoped might prove comparatively lethal:

Each design of charge was fired against semi-infinite armour in order to
determine the resulting crater depth and profile. American work had already
established certain relations between the crater dimensions and lethality and
it was hoped that these might be confirmed and extended by the present work.
Those designs which gave very low penetration were not investigated further.
The remainder were fired against three types of target, each of which has been
agreed, on a tripartite basis, as being representative of modern heavy tank
design, (6). For these firings the lethality and distribution of the spalled
fragments were measured with a view to assessing the overall lethality of each
type of charge. The only variables considered in the charge design were the
material, wall thickness and angle of the liner. The cone diameter 5.9 ins.,
was fixed on the basis that at this calibre most of the charges could be
expected to defeat at least one of the tripartite targets.

while the work was in progress a similar series of trials under tripartite
sponsorship was carried out at C.A.R.D.E., and has been reported on (7).
These trials resulted in a thorough evaluation of the lethality of a very few
types of charge, whereas the present trials deal with a much larger number of
designs but are less extensive in character. The two sets of results are
therefore complementary and use is made of the T.A.T.T.L.E. results in
evaluating and discussing the present work.

For convenience of presentation the report is divided into three parts.
Part I deals with the experimental details and data obtained from the
penetration firings against semi-infinite armour. Part II treats the lethality
firings against the tripartite targets in a similar manner, while the main
discussion of both sets of results, together with their broader implications
is dealt with in Part III.

2. DXPERINENTAL

2.1 Charge design

The charges were cylindrical in section with a conical metal liner at one
end and a central initiating system at the other (Figure 1). The explosive
filling was maintained constant at 161b., excluding the initiating system.
This rather large weight was chosen in the interest of reproducibility. Each
charge was confined in a mild steel tube of 5.9 ins. internal diameter and
0.125 ins. wall thickness.

2.1.1 The liners

Liners of three different materials were used namely aluminium alloy,
copper and steel. These materials had the following specifications:

Aluminium alloy: B.S. 1476 H,E. 10 W P.
Copper: B.S. 1433 medium hard.
Steel: B.s. 970 E.N. 3A.

For each material three cone angles, 450, 750 and 100° were investigated.
The remaining variable parameter was the wall thickness and this was chosen
in the case of the copper liners to be 1.5%, 2.55 and 5% of the charge

.

SECRET-DISCREET




SECRET-DISCREET

diameter. The thicknesses of the aluminium and steel liners were determined

in such a way that these liners would have the same weight as the corresponding
copper liner. A total of 24 designs from the 27 possible combinations of the
above parameters were in fact tested.

Each cone was machined from a forging to the dimensions shown in
Figure 2, the surface having a good machine finish. It will be observed that
in each case the cone was truncated by 20,.

2.1.2 The confinement tube

The confinement was machined from drawn mild steel tube to the required
dimensions. The confinement length was adjusted according to the included
anglc of the liner in order to maintain a constant weight of explosive. Each
confinement tube was individually fitted to its cone and the assembly was then
locked by three sets of screws which engaged on the base of the cone through
the tube.

Two ' diameter holes were drilled in the confinement tube level with
the apex of the liner. These filled with explosive during the casting operation
and thus served to lock the charges in position.

2.1.3 The explosive filling

All except five of the charges were filled with RDX/TNT 60/40,
Type A of Bridgwater manufacture. The explosive was cast in air, directly
into the cone and tube assembly, an adequate header being provided to eliminate
core f17ws due to shrinkage. The density of the resultant charge was 1.66 to
1.67 gm/cc.

To allow comparisons to be made with previous work, five of the rounds
were filled with Plastic Explosive No.2, hand stemmed to a density of 1.55 gm/cc.

All the charges were radiographed (Figure 3) to detect casting or
filling flaws. There was no piping but some cast charges showed fine <cracking
of the filling around the base of the liner and sometimes lack of adhesion
between the liner and explosive filling. Complete elimination of the cracking
was never entirely achieved., The charges to be fired were selected on the
basis of the radiographs the poorer charges being sent for refilling. The
P.E.2 charges showed no major defects.

2.1.4 Initiation

The charges were initiated centrally by means of a Briska No. 8
electric detonator acting through a 1in,. diameter by 1 in. long Tetryl
Pellet, density 1.58 gm/cc, located in a wooden disc attached to the end of
the charge (Figure 1).

2.1.5 Stand-off

Most of the charges were fired at a stand-off distance of 1.5 cone
diameters from the target. This distance was adopted to simulate approximately
the operational stand-off of an actual weapon. A few rounds were fired at
2 cone diameters stand~off, in order to give a more direct comparison with
some of the T.A.T.T.L.E. results.

The stand-~0ff distance was measured from the bottom edge of the
confinement tube to the surface of the target (Figure 1).

2.2 The Targets

Rolled homogeneous (R.H.) armour plates of 150m: and 60mm thickness and
measuring 6ft x 5ft in area, were assembled in a vertical stack to a height
of more than 30 inches. (Figure 4). This arrangement permitted about 30
rounds to be fired in fairly rapid succession, the plates being then
separated for reasurements on each crater. In this way the effect of plate
interfaces on penetration and crater profile was.minimised 'wkile aveiding
the need for cutting and assembling individual targets for each round.

D
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The plates conforied to the specification I.T. 80 E. Their full physical
and chemical properties, which were supplied by the manufacturers, are shown
in Appendix B. PFor the sake of comparison a few rounds were also fired against
mild steel tar_ets of which the corresponding properties are contained in
Appendix D. ;

2.3 The firings

The charge was mounted vertically above the armour, and at the required
stand-off from it, by means of a chipboard support. The support was designed
so that only the outer rim of the confinement tube should be in contact with it
(Figure 4). Strawboard packs of 3in. thickness were disposed around the charge
at a distance of at least 9in. in order to decelerate fragments from the
confinement tube, which mizht otherwise cause a safety hazard.

In order to obtain statistically reliable results five identical firings
of a given design were carried out in most cases.

2.4 Measurements

After breaking down the stacks, the craters in individual plates were
cleared of liner material. The crater diemeter was then measured at 1in.
intervals of depth using calibrated calipers, which were specially designed so
that the 'toes! would be capable of following shape variations in the profile.
At each depth the diameter was measured to an accuracy of 0.05ins. in two
directions at right angles.

The plate was then set horizontally by means of a spirit level and the
crater volume at one inch intervals of depth obtained by titration. Both
diameters and volumes were measured by at least two independent observers.

3. REBSULTS

3.1 Penetration into R.H. armour

The round by round penetration data for the R.H. armour firings is shown
in Appendix A and is summarised in Table 3.1.

3.2 Penetration into mild steel

For the firings into mild steel targets the round by round data is
presented in Appendix C., This data is summarised in Table 3.2.

3,3 Comparison of R.H. armour with milc steel

By combining the results found in Tables 3.1 and 3.2 equivalent values
of R.H. armnour to mild steel were established. These are shewn in Table 3.3,

3.4 Effect of cone parameters on crater profile

The crater nrofiles resulting from the firings into R.H. armour at
1.5 charge diameters stand-off with RDX/TNT as the explosive filling are shown
diagrammatically in Figure 5. These diagrams give a clear comj)arison of the
effects of cone material, angle and wall thickness on the crater profile. The
same results are resented graphically in Figure 6, with the intention of
erphasising the effect of wall thickness on thie crater dimensions.

3.5 Effect of stand-off and explosive filling on the crater profile

The eifect on crater profile of increasing the stand-off from 1.5 to 2.0
ch.rge diameters is shown in Figure 7(a) for a copper liner of 45° angle and
0.140in, wall thickness. Figure 7(b) compares the crater obtained using
RDX/TNT and P.E.2 for a copper liner of 750 angle and 0.140 wall thickness.

_3_
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3.6 Effect of cone angle on penetration and volume

For a given material and wall thickness the curves in Figure 8 show how
the mean depth of penetration achieved chanjes with the cone angle. Similarly
Figure 9 shows the relation between cone angle and crater volume.

2.7 Effect of wall thickness on penetration and volume

The effects of wall thickness on the depth of »penetration and crater
volume are shown in Figures 10 and 11 respectively,

3.8 Comparison between 5.9ih. and 1.625in. diameter charge

Finally to obtain a comparison between these shaped charges of
practical warhead calibre and those previously fired on a laboratory scale,
the data from each was scaled by calibre and plotted as crater diameter
against depth of penetration into R.H. armour, Figure 12, It should be
noted that the charges compared do not scale in all respects. Details of
cone and charge parameters are shown on the figure.

L. DISCUSSION

In general the experimental results show good reproducibility with
respect to both crater volumes and depths of penetration. This implies that
the methods used for preparing the char_es were cf an acceptable standard and
that the liners had been produced within satisfactory tolerances. In
particular it is evident that the slight cracking observed radiographically
in several of the charges did not significantly affect performance. The
thinnest of the ASO copper liners gave results which contrasted markedly with
the general reproducibility. Table I shows that the three firings with these
liners, which had a wall thickness of 0.088 in. gave penetrations of 22.J in.
9.9 in. and 13.3 ins., although the crater volumes showed normal scatter. The
craters from the two lower penetrations were non-symmetrical indicating
malformation of the jet. These liners were machined down from thicker cones
and it is natural to suspect this operation as being the cause of the poor
performance even though the liners were subjected to the usual tolerances.

In any case the scatter is so high that it would be dangerous to draw any
positive conclusions frow these three results and they are not jresented
graphically.

Of the three materials investigated it is apparent from Figure 8 that
the highest penetration is obtained, in general, with copper followed by steel
and then aluminium., Figure 9 shows on the other hand that steel and
aluminium give a higher crater voluge except in the case of very thick liners.
Reference to Figure 6 shows that the higher volume r-sults from a larger
crater diameter in the relatively early stages of penetration. From the point
of view of lethality however the crater diameter at greater depths of
penetration, for example at about 12 in. is a much more important parameter.
On the basis of the present results there appears to be no significant effect
of liner material on the crater diameter at this depth, provided that the
penetration reaches this far.

The effect of cone angle on penetration is clear from Figure 8. In
every case there is an increase in penetration with decreasing cone angle and
there is every indication that higher penetrations would be obtained at angles
smaller than the minimum investigeated, namely LSO. The crater volume seems to
be almost independent of cone angle, Figure 9. Some increase is perhaps
shown a2t the lowest angle in the case of the thinnest liners. Figure 6
sucgests a marginal increase in crater diameter at 12in. depth with
increasing cone angle.

In general there is a relatively small increase in penetration when
the wall thickness of the liner is decreased, Figure 10. In contrast the crater
volume increases markedly with decrease in wall thickness, Figure 12, but
there is no indication from Figure 6 of a significant dependance of the crater

i
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diameter at 12in. on the wall thickness. These results, however suggest that
the investigation could be profitably extended to thinner liners than those
used.

The effect of stand-off is shown only in the two firings of a h5° copper
liner, wall thickness 0.140 in. at 2.0 cone diameters stand-off. A 10% increase
in penetration and 10/, decrease in volume compared with the 1.5 diameter firings
resulted. Because of a rather sudden change in crater profile at about 12in.
depth in the case of the longer stand-off round Figure TA it is difficult to
say whether there is any significant difference in crater diameter at this
point for the two stand~offs. Evidently a fuller investigation of stand-off
effects is indicated for the more promising types of design.

Apart from a negligible increase in the mean depth of penetration the
main result of using P.E.2 as the explosive filling in place of RDX/TNT 60/h0
vas a reduction of 13% in crater volume associated with a much reduced crater
diameter at the point of entry as shown in Figure 7(b).

V'hen planning the trials it was considered necessary to measure the crater
Giameter and volume at one inch intervals of penetration to permit comparisons
between craters of rapidly changing cross-section, especially those of low
depth of penetration. It was subsequently found that most of the craters
tapered nearly uniforwmly so that it was possible to calculate the crater
diameter from the volume measurement. Figure 13 compares the results obtzined
by the two methods. The diameter measurements vere made at 1in. intervals,
whereas the volume measurenents were irade over 3in. intervals. It is seen
that both methods give overlapping results with comparable scatter and it
appears therefore that both methods may be used with equal confidence.

A reasonable minimum criterion for a shaped charge anti-tank warhead is
that it should consistently defeat at least 12in. of armour. In the calibre
considered here, namely 5.9in. none of the aluminium cones meet this criterion,
while the lower angled steel cores and most of the copper cones do meet it.

On this basis alone a suitable choice for design would be one of the thinner
walled 45O steel cones or any of the 45O or T75° copper cones. It will be seen
in Part II how this choice is furthea limited by lethality considerations.

5. CONCLUSIONS

The techniques used in manufacturing the liners, in filling the charges and
in the general assembl; and firing procedure were such as to give reliahle
results,

Copper liners give the greatest depth of penetration followed by steel
and aluminium, but the latter two materials give larger crater volumes.

Smaller angle cones give greater depths of penetration, while the crater
volune is almost independent of cone angle.

Decreasing the wall thickness of the cone results in a slight increase in
nenetration and a marked increase in crater volume.

Further work on cones with thinner walls and lower angles is indicated.
Reference to Part II shows the importance of adequate penetration at higher

stand-offs and extension of some of the present results to stand-off distances
up to 8 cone diameters would be desirable.

~5=
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TABLE 3.1
PENETRATION INTO R.H. ARMOUR

Cone Cone | 'all No. llean Depth Scatter |_liean Volume } Scatter
Material | Angle| Thick- of of Penetration| of ccs, |Std.Dev, of
‘ness Rounds e, lSha. Tey Results Results
inches
Copper 45° | 0.088 3 15,2 . .2 |692 ] - +20
, -5.3 =
- 45° | 0.140 5 25.3 ] o.54, | +0.8 |650 | 12.6 | +15
-0.5 e
45° | 0.280 5 22,11 0.87 | +1.5 396 | 19 +29
75° | 0.088 3 Tk - +0.5 |660 | - +9
-1.1 -6
75° | 0.140 5 16.9 | 0.5 | +0.9 |553 | 20.5 |+27
-0.5 -30
75° | 0.280 5 14,.9] 0.32 | +0.6 |318 | 17 +25
D2 -21
100° | 0.140 5 10.8] 0.51 | +0.9 {599 | 19 +31
0.k -16
100° | 0.280 5 12.51 0.38 | 40,6 1103 | 11.5 |+20
0,3 -8
Steel 45° | 0.100 5 16.3 | 0.93 | +0.9 |788 | 45.6 | +64
-1.5 -5l
45° | 0.160 5 15.2| 0.98 | +1.7 |s543 | 19.5 | +16
0.8 |, =38
45° 10.320 5 12,3 | 0.36 | +0.5 | 305 | 12 +16
-0.3 -
75° | 0.100 5 12,71 o0.45 | +0.7 |6716 | 31.3 |+25
"005 —66
~| 75° {o.160 5 12.3 1 0.2y | +0., |520 | 36 +51
=0ei2 <>
75° 10.320 5 10,0 | 1.1 +2.0 1295 | 18.8 |+19
100° | 0.100 5 10.8 | 0.31 | +0.4 |670 | 20,6 419
100° | 0.160 5 0.3 1 o +0.1 | 607 | 15.0 |+19
01 -20
100° | 0.320 5 8., | 0.38 | +0.6 |[320 | 9.6 |+14
| -0.4 | ~12
Aluminium | 45° |0.300 5 1.8} o.,1 | +0.4, |813 [ 14.6 [+19
-0.5 -1L
15° fo.470 5 10.9 | 0.4 | +0.5 |s594 | 26 +25
: : =Oki5 -42
45° |o.950 5 8.6 - 0T | +0.2  |2e0 4 TaE! L B
-0.2 =11
75° 10.300 5 8.0 0.66 | +0.8 675 |21.2 |+35
-0.6 =22
75° 1o.470 5 7.0 1 0.09 | +0.1 157 |28 +21
-0.1 -50
75° 10.940 5 6.2 ¥ 0.09 1§ +0:1 185 | 15.7 [+20
g -0.1 <15
100° }0.940 5 Bl | 0.22 [ 0.1 ] 965 Hisid heg
, ' ; | -0.4 | =15
..7..
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TABLE 3.2
PENETRATION INTO MILD STEEL

SECRET DISCREET

Cone Cone !.all No. Yean Depth Scatter ; iean Volume Scatter
Meterial 4ngle|Thick- of |of Penetration of | . of
ness Rounds [ins. [Std.Dev. | Results{ ccs. ;Std.Dev.} Results
inches
- T L . [_'. T e IREE s .-.,-—._-ﬁ
steel N 75° | 0.160 | 5 {15.0 { 0.61 +0.8  [1013 { 59 +75
-0.6 -67
100° | 0.160 | 5 l12.5 | 0.4 +0.5 11260 { 51 +32
-0.5 =76
[P e ‘-—J- . ey - e it s e
Aluminium| 45° | o.s50 | 5 12.2 | 0.09 +0,1 375 23.6 +2l
-0.1 =39
75° | o.940 | & 8.6 | 0.22 +0.2 336 | 17.8 +25
-0.3 -16
100° {090 T |64 ¥ = +0.2 302 - +19
-0.2 -16
. 1 i | i
TABLE 3.3
COMPARISON OF R.H. ARMOUR WITH MILD STEEL
Cone Cone Yall R.E. Armour/.7ild Steel
Material Angle Thickness - .
. ‘enetration Volume
inches
Steel 75° 0.160 0.82 0.51
100° 0.160 0.82 0.48
Aluminium 15° 0.940 0.71 0.5%
75° 0.940 0.72 0.55
100° 0.940 0.77 0.55
B
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APPENDIX A

Contents: Round-by-round penetration data into R.I. Armour

Table Nwaober

Liner Details

o ~3 N

10
11
12
13
14
15
16
117

18
19
20
21
22
23
24

Copper
Copper
Copper
Copper
Copper
Copper
Copper
Copper
Copper
Copper

Steel
Steel
Steel
Steel
Steel
Steel

(o)

L5
45
L5
L5
15
75
15
15
100
100

o
(o}
(o}
(o}
(o}
0
(o}
(o}

(o]

(o)

L5
45°
L5
75
75°

(o)

2

Steel 100°
Steel 100°
Steel 1OOo

Aluininium

Aluminium

Alvminium

Aluminium

Aluminium

Aluminiug

Aluminium 1

0.088

0.140

0.140
0.280

inches
inches
inches

inches

0.088 inches

0.140
0.140
0.280
0.140
0.280

0.100
0.160
0. 320
0.100
0.160
0.320
0.100
0.160
0.320

45° o.

45° 0.
45° 0.
75° 0.

0

15 O.

(o)

" 0.

00° o.

inches
inches
inches
inches

inches

inches
inches
inches
inches
inches
inches
inches
inches

inches

300 inches
470 inches
940 inches
300 inches
470 inches
940 inches
940 inches
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Remarks

1.5 C.D. stand-off
2.0 C.D. stand-off

RDX/TNT 60/L0
P.E.2
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Appendix A Table 1
FILLING LINER - TARGET
RDX/TNT 60/0 Material: Copper R.H. ARMOUR
Cone Angle ¢ L5°
Wall thickness 0.088 inches
. A : : T
Round No. 157 P158 £ P159 ! i ! t
jr e ————t et mah .. - e } ! :
Tlate Nos.[46, 58, | 46, 58 u6, 58, ﬁ
5%, 60, 159 liean Mean i
61 { Hole { Residual |
- : == Diam. Volune
Depth of Resi- ‘ Resi- : Resi- Resi- ResiTins. ccs.
Penetration] llole| dual ¢ Holei dual § Holef dual |Hole|dual {Holejdual !
DiamjVol, ¥ Diam| Vol. § Diam! Vol, {Diam|Vol. {Diam{Vol. !
Ins. § mms.} ins.{ ccs. || ins.| ccs ins.{ ccs. }ins.;ccs. fins.|{ccs
Crater 712 682 683 692
N D .
0 0}3.1}655 |3.5]622 {3.8}626 3.5 63l
1 251 2.6 155 #2.51{515 {2.8 514 2.6 528
2 5112.3}478 2.2 1438 ?2.6 1,18 2.k LL5
3 76 1 2.2 § 411 2.2 | 366 2.3 | 344 2.2 374
L J102]2.2 1351 §2.31299 2.4 |271 257 307
5 {127]2.2}280 J2.4 [226 {2.2 |182 23 229
6 152 1 1.8 | 223 2.0 {161 11.6 1138 148 174
T 178 [ 1=3 L1687 1.6 121 1.3 1103 1.4 137
8 120311.2}1168 [1.2]| 35 1.2 | 83 1.2 95
{
9 f228{1.2 1,9 0.8} 15 f1.21] 6, a1 76
10 125k 11.2 131 0.7 1 O H1.21 &5 140 59
11 279 t 1.1 1110 1.0 29
12 30L (1.1} 91 0.8 9
13 330 (1.0} 80 0.7 2
14 355 10.9§ 70 0.6 O
15 381 {0.9 | 60 ‘
16 {406 (0.8} 52
17 L31 10.7T 4§ L1 {
18 L56 10.8F 32
19 482 10.8 2L
20 508 0.8 18
21 555 0.6 |
22 558 10.6 !
23 1583 |o.4 ,
&otair N i L. Mean Total s
Depth of | 22.4 9.9 13.3 SO e e
lTenetration Standird
Inches Deviction -
IMotal T "’”""’”""”""""""""'""”"'"""""*i&;;{""';;;;“"
volume 712 682 683 Volume cest?
oci. Stenderd
! ] 3 Devi:tion =~
=i

SECRET DISCREET
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Appendix A HTable 2

SIrIING LINIR T!RGET
RQX/TNT 60/40 llaterial: Cogper R.H. AR'CUR
Cone Angle: L5
Wall thicknbgss: 0.140 inches Stend off: 1.5 €,Ds
Round No. P51 P52 P83 | P8, j P107
Plate g5y 2 1§ 225,26 | 24,25,26 | 2L, 25,26 155,056,235
Nos. 27,28,29 1{27,28,29 | 27,28,29 | 27,28,29 {31,30,29 |Mean liean
30, 31 20, 31 305351 30, 31 28,47 Hole |} Residual
Diam. Veolgne
‘ ; ins. CCS.
Depth of Resi- Resi~ ; Resi- | Resi- Resi-
Penetratimi Hole! dual | Hole} dual | Holel dual } Hole{ dual {Hole|dual
Diam}{Vol. | Diam| Vol. | Diam| Vol. | Diam| Vol. |Diam|Vol.
Ins. | mms.f}ins.}ccs. | ins.{cecs. | ins.| ccs. | ins.{ ccs. {ins. | ces.
Crater: 633 665 659 6Ll 651 550
0 013.1 ;603 3,1 (625 | 3.1 1609 {2.9 1608 |3.3 {602 |3.1 609
i 25 12.9 1498 12.3 1537 | 2.3 {507 |2.2]528 |2.8 {510 (2.5 516
2 ol {22 BT 2.3 1482 | 2.1 {44, 12.0 {478 (2.3 [437 2.2 L56
3 76 12.0 1370 f 2.1 [417 12.0 {382 2.1 |[418 2,0 1579 [2.0 393
L 102 11.8 1323 250 1353 2.0 } 334 2.0 1358 12.0 {320 2.0 338
5 127 1.6 | 282 1.9 1310 | 1.9 282 |1.9 1313 1.8 {272 w8 292
6 152 11.5 {243 1.6 |260 | 1.6 1239 |1.6 {258 |1.5 {231 T 246
7 178 §1.3 224 (1.5 230 1.3 {209 1.4 {215 1.3 {199 1.4 215
8 203 }J1.3 |202 1.3 | 206 1.5 1165 | 1.3 1194 .2 1197 L 193
9 228 J1.3 182 1.5 §188 1.3 1165 1.3 (172 1.2 k159 155 173
10 254 {1.3 1164 | 1.3 168 [1.3 {145 1.3 {155 [1.2 {139 [1.3 154
11 279 11.3 111 1.3 | 145 1.2 [135 1.2 |135 (1.2 }124 [1.2 136
12 304 §1.2 {120 (1.2 {119 (1.2 {105 [|1.2 | 114 (1.1 {104 1.2 112
13 330 {1.0 [106 1,0 {106 1.0 91 1.0 | 100 |0.8 89 150 98
14 355 #1.0 1 93 0.9} 97 1.0} 8 (0.9} 9 [0.81 79 }0.9 89
15 381 h0.8 76 10.81 8 0.8 68 0.8 74 0.6 69 [0.8 1%
16 L06 40.8 66 (010 72 0.8 62 0.8 65 HeLT 62 0.8 65
17 %431 %0.7 160 |o.7] 64 (0.6 55 (0.7 61 |o.6] 51 (0.7 58
18 L56 #0.7 | 54 0.6 | 59 |[0.6 | 49 10.9 | 55 [0.T | 46 |O.7 53
19 482 10.8 } 47 1.0 52 0.6 { 43 0.7 { 47 |0.7{ 41 0.8 L6
20 508 0.7 { 39 (0.6 | 47 |0.7 | 37 (0.6 } 40 0.6} 3, 0.6 39
21 535 10.7 § 32 1071 38 0.7 1 30 10T | 55 0.6 4 29" [0x7 33
22 558 10.6 { 22 |0.7T{ 29 |0.6 | 26 0.7 1] 30 [0.5] 22 |0.6 26
23 583 0.7 19 |0.8 ] 22 [0.5 | 21 O 22 0.5 20 (0.6 21
2L 609 0.8 | 10 0.8 | 12 |0.7 16 0.8 | 14 0.6 20 (o) 13
25 63l 0 0 (0.7 5 0 0.6 7 2.5
26 660 0 0.6 0
! 1}
Total 4 Mean Tgtal
Depth of 25.0 24.8 25.6 25.0 26.1 Depth ins. 25.5
Teretratim Standard
Inches Deviation O0.54
Total Mean
Volume 633 665 639 oLl L Volume ccs. 650
.ccs. Standard
| Deviation 12.6
{ ] \
==
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RDX/TNT 60/L40

SECRET DISCREET

LINER

Material:
Ccne Angles

Wall thicknmessy

Cogper
L5
0.140 inches

Appendix A Table 24

TARGLT
R.H. Armour

Standoff: 2 C.D.

130

SECRET DISCREET

Round YNo. 131
Plate 57,56,55 57,56955 '
Nos. 5l 53552 5ky 53452 Mean Mean .
51,50,47 51,50, 47 Hole Residual
Diam Volume
Depth of Resi Resi-| Depth of Resi}  {Resi{  1BS- 2eRe
Peretration |Holel dual | Hole] dual | Fenetration | Hole] duallHole} dual
Diamj Vol. DiamUVol. Diam{ Vol.|Diam]Vol.
ins, {mms.|ins.fccs, | ins.}ccs. | ins, |mms. |ins.{ccs.lins.{ccs.
Crater 594 568 |27 685 (0.8 {2 0.8 |9
0 o 3.1 1562 2.7 1565 128 711 0 0.6 {0
1 25 2.5 481 2.2 {480
2 51 {1.9 |425 2.0 1425
3 76 11.8 1369 1.8 } 372
L 102 |1.8 |327 1.8 {324
5 127 .5 |294 1.5 288
6 152 H1.4 |263 1.4 1258
7 (178 [1.3 |239 | 1.3 {236
8 203 |1.3 {221 1.3 215
9 228 (1.4 {201 1.3 §194
10 254 1.4 {174 1.4 }169
11 279 (1.4 {146 1.3 1144
12 304 1.0 1131 1.0 130
13 |33 [1.0 |119 0.9 }119
1, }355 0.9 |110 |0.9 {109
15 381 0.9 j103 0.9 | 99
16 L06 0.8 | 94 (0.7} 90
17 {431 0.9 1 79 0.9 79
18 456 0.7 | 69 (0.9 ] 70
19 182 V.8 | 62 [0.7 ] 65
20 508 0.8 | 52 0.8 55
21 533 0.6 | 46 (0.7 | 48
22 558 0.8 | 36 (0.7} 40
23 |583 .7 | 32 {o0.5] 37
2, {609 P.7 | 26 |0.5] 32
25 634 0.6 19 0.6 25
26 ‘660 0.6 12 10.51 21
: !
llean Total
Total ' Depth ins.
Depth of. 203 28.0 rep—
Fenetration Hn
Deviation
Inches
Total =
594 568 Mean
omaue Volumes ccs
lccs. 203
Standard
Deviation
i
-12-



SECRET DISCREET

Appendix A Table 3

RD/TNT 60/40 Materials  Copper R.H. ARI'OUR
Cone Angle: L5
%iall thickness: 0,280 inches
Round No. | P53 P5L P85 P86 P108
s - danes 2L, 25 24,25 24,25 |33,46,
Nos 26,27, 26,27,’ 26,27, 26,27, 235,31, Mean Mean
+ 128,29 28,29,39 | 28,29 28,29  30,29,28 | Hole |Residuay]
Diam, Volume
Depth of elResi- ResiA Resid Resi} Resi4 2PS: SO
TFenetmtion | Holef dual} Hole| dual | Holef dual | Holej dualjHole] dual
Diam} Vol. } Diamy Vol. | Diamg Vol. DiamQVol. Diamy Vol.
Ins. | mos.] ins.] ccs. ] ins.}ces. | ins.fces. | ins.} ces.|ins.] ccs.
Crater: 377 299 1 400 425 381 396
0 O f2.4 §355 § 2.3 1378 | 2.5 }380 2.5 }393 12.71365 | 2.5 374
1 25 k1.9 4306 § 1.8 1323 {1.7}325 |1.8 {342 [1.8}306 }1.8 320
2 51 1.6 §271 | 1.5 289 | 1.6 290 [1.6 |310 {1.5]271 } 1.6 286
3 76 H1.4 You2 1 1.5 fo6n 1.5 262 | 1.5 279 1.5 }236 } 1.5 257
L Y102 1.5 1217 1.5 235 }1.5 232 | 1.5 |25, |1.5 206 | 1.5 229
5 127 f11.4 1188 1.4 204 1.5 1202 1.5 {224 1.4 1190 1.4 202
6 152 W13 § 167 1e.35 X185 1.3 111 1.4 J199 1.3 | 161 55 176
7 178 f11.0 J153 1.1 116y 1.1 1au7 1.1 1179 |11 e 157
8 203 |{1.0 §139 1.1 }152 1.0 1137 1.0 {164 J1.0 127 1.0 144
9 {228 I§1.0 128 }1.0 }138 1.0 }123 {1.0 }1u9 f1.0 116 } 1.0 131
10 254 1.0 §113 1.0 124 1.0 J108 1.0 1133 0.9 1103 i1 }(0) 116
11 279 111.1 §103 1.1 {113 [19(0) 98 1.0 §121 {0.9 89 1.0 105
12 304 #1.0 89 1.0 9L ilie12 11 1.1 j104 0.9 17 1.0 88
13 1330 ff0o.8 1 79 {o.8 | 86 {0.9] 66 }0.9 | 94 0.8 ] 68 }0.8 79
1 355 fj0.8 § 70 {0.8 1 77 0.9 57 |0.8 1 84 0.7} 61 }§0.8 70
15 381 0.7 61 0} 64 0.7 L6 0.7 68 0.6 L8 @ 57
16 {406 [[0.7 1 55 10.8 |55 }o.71 40 {o.71]59 l0.7] s2 0.7 50
17 431 0.7 48 0.7 L6 0.6 31 0.6 L9 lo.6 35 0.6 L2
18 }u56 lo.6 | 41 }o.6 | 42 (0.6} 25 lo.6 {42 lo.7}) 32 Jo.6 37
19 1482 Ylo.6 | 37 lo.5 | 36 Jo.6 } 21 {o0.6 | 37 lo.6 | 2, }o.6 31
20 508 ljo.8 | 28 }0.7 |30 jo.7% 16 lo.7 |25 lo.6 | 19 }o.7 2l
21 533 1.1} 16 0.7 {22 1.0l 5 (1.0 115 jo.71 13 0.9 14
22 1558 o |o.8 |12 0 o .71 5
23 583 0.6 5 0
2L 609 1 0
Total : Mean Total
Depth of 21.6 23.6 21.6 21.6 22.3 Depth ins., 22.1
Rretration
Inches Standard
Deviation 0.87
Total ‘ Mean
Volume M7 395 400 425 381 Volume ccs. 396
ccs.
Standard
Devistion 19
13-
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appencix A Table 4

FILLING LINIR L.RGT
RD../TND 60/40 Material:  Cogper R.H. ARIOUR
Cone Angle: 75
".all thiclmess: 0.088 inches
Round No. P160 P161 P162
Plate Mean Mean
Nos. ﬁ6’58 56’58 46,56 Hole {Residual]
59 5 2 Diam,| Volume
. ins, ces,
Depth of iResid Resi- Resi~ Resit Resid
Paetration|Holejdual | Holej dual | Hole} dual | Holef dual|Holef dual
-{DiamfVol., | Diamj Vol. | Diam{Vol. | Diam{ Vol.|Diam|Vol.
Ins. jmms. |ins. ces. ins.f ccs. | ins.]ccs. { ins.} ccs. fins.| ces,
Croter: 657 654 669 660
0 0 13,5 2593 3.1 1604 3.1 [613 3.2 603
25 (2.8 476 2.6 | 504 2.2 1533 2.5 504
2 51 (2.2 J404 2.1 1433 2.0 {470 2.1 L36
3 76 12.2 | 344 2.1 1371 2.2 (412 2ol 376
L 102 2.2 }284 2.2 | 314 2.2 1349 22 316
5 127 2.0 223 2.0 {248 2.1 1282 2.0 251
6 152 1.7 Y175 1.8 {203 1.9 }233 1.8 205
7 178 1.5 12 15 |16 1.6 1188 =5 165
8 203 1.4 1116 1.4 $139 1.4 |158 A 38
9 228 H1.4, | 88 1.3 {114 1.4 §134 Tl 112
10 254 1.4 60 1. § 91 1.4 j111 1.4 87
11 279 (1.3 33 =5 § 635 1.6 81 1.5 59
12 304 1.0 12 1.4 1 38 1.6 Ll % 31
13 330 0.8 3 11,01 96 st } 18 ] 12
14 B55: 04T 0O 0.8 i 0.8 8 0.8 5
15 381 0.5] 0 |0.5 0
f i
Total G iean Total
Depth of 133 14.9 14.9 Depth ins. 1L.4
Panetratio o ———— e
Inches Standard -
Deviation
Total Iean
Volune 651 65k 669 Volume ccs., 660
ces. e —
Standard
Deviation
-
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Appendix A Table 5

FILLING LINIR LRGT
. DX/TNT 60/40 Materialr  Copper R.H. 4RVOUR
Cone ingle: 15

t.all thiclmess: 0.140 inches

e g

Round No. P22 P23 ; PoL P25 P109
A N - U | SRS S ——
Plate 19,20 19520 19,20 19,20 33,46
Nos. o] 20 §21,22 2,22 24,28 23,31
23 : 23 30 Mezn Meen
N . L ' __] Hole } Residual
Depth of |Resi iResi- jResi- 1Resid Resi- Piam. | Volume
Penetration|Holeldual | Holeldual |Holejdual liHolel dual [Hole!dual | *P®° goct
e ompeeeee A Diami Vol. | DiamfVol. {DiamfVol. ||DiamiVol. {Diam}Vol.
Ins. | mms. |ins.|ces. {ins.]ces. |ins.lces. |ins. ccs. |ins.|cecs.
i i
Crater: 523 54,8 558 {550 580 553
0 0 {3.0 {503 {3.2 {515 {3.1 {528 §3.0 |528 2.9 {541 |3.0 523
1 o5 12,7 1393 12.9 {400 2.9 fu11 2.6 {418 |2.2 |451 | 2.7 415
2 51 2.1 {333 12.3 |320 {2.3 1334 (2.0 {368 |1.9 |391 | 2.1 349
B 76 11.9 |278 1.9 273 1.9 1284 1.9 1319 2.0 | 340 1.9 299
L 102 1.7 J239 1.8 |233 |1.8 |2u0 {1.8 [268 }1.9 |287 |1.8 253
5 127 1455 208 1.6 1197 1,6 205 1.6 J2352 §r.7 250 6 218
6 152 11.5 |178 1.5 1163 166 :173 1.6 1198 {1.6 | 210 1.6 18l
7 | 178 }1.3 151 {1.3 |138 1.3 {u8 |1.3 1168 1.3 181 [ 1.3 157
8 203 11.2 {138 13 e 1.2 §129 ez LALE H.F 1955 EE] 138
9 228 {1.2 |118 1.2 {102 1.2 }108 1.2 1120 .2 135 1.2 119
10 |25y 1.2 103 {1.2 | 83 [1.2 } 85 [1.2 }109 1.3 |115 1.2 99
i 11 f279 1.2} 88 {1.1 163 [1.1 {7 1.1 ]| 8 {1,295 [1.1 82
12 {304 1.3 163 1.2 |47 |1.2 163 |1.3]168 |1.31 715 [1.3 63
13 1330 0.8 } 53 fo.9 | 37 1.0 |53 {1.0] 58 [1.0] 60 ]o.9 52
1, }35510.9f43 |1.1 125 [1.0 |28 to.9] 45 lo.9| 49 11.0 40
15 1381 4o.9 )23 {1.1] 7 lo.9 |22 |1.1] 20 {o.9] 31 |1.0 21
16 LOG 10.8 T 0.8 0] 1.2 8 1.0 9 10.7 2L 0.9 10
1T ﬁ 431 10.9 0 0 (0.9
18 | 456
¢ !
Total Mean Total
Denth of 170 16,4 16.6 16.8 178 Depth ins. 16.9
Feretration -
Inches Standard
Deviation 0.54
s 523 54,8 558 554 580 liean
e and Volume ccs. 553
CCS. e T R ool et L
Standard
Deviation 20.5

-1 5-
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Appendix A Table 5A

SECRET DISCREET

L ING LINGR LRG.T
P.E. 2 Material: Cogper R.H. .OWR
Cone Angle: 75
1.all thickness: 0.140 inches
Round No. | P33 P3) P105 i P106 P110 | '
AR _ - o
Plate 19,20 19,20 24,25 24,25 33,46
Nos. 2122 21,22 26,27 26,27 23 31 A : -
ean Mean
23 20 28 26 oL Hole { Residual
R R e e 'f"‘“'w"'"ﬂ""}"'““"J Diam, Volume
Egspth.of Resi Resi~ ResiJ Resi{ IRest=| 0% S
toation | ool dual | Hole|dual | Holeldual || Holedual {Hole} dual
Diam Vol. | Diam{Vol. { Diam|Vol. ||Diam|Vol. |Diam|Vol.
Ins, | mms.{ ins.| ccs. | ins.|cecs ins. {ccs. {jins.|ccs. jins.| ccs.
. el FESEINES DEISGESYSIE PGPS S - it
Crater: LT74 L2 504 469 497 L77
' W 5 R T— -
0 0f2.71450 12,5417 [2.8 [459 2.5 [440 2.6 [ 468 | 2.6 e
{1 25)12.1 1383 [1.81362 2.2 389 %1.9 {384 {1.9 1397 ]2.0 383
2 | 5101.8]33 {1.7132 {1.9 |369 §1.7 {364 |1.7 |35 1.8 340
3 176 11.6-1302 | 1.51293 {1.7 1309 {1.6 {305 1.7 {309 }1.6 304
A 102 [1.6 {270 1 1.6 |266 |1.6 |279 }1.6 {2718 |1.7 |269 }1.6 272
5 127 § 1.6 233 | 1.6 (227 |1.7 200 31.7 3241 1.5 8237 §1.6 236
6 152 1.5 1194 1.4 }198 |1.8 {189 11.8 {189 1.5 |199 1.6 194
g 178 1.2 {165 1.2 1166 1.3 |159 {1.3 |162 [1.2 {155 }1.2 161
8 203 [ 1.1 1153 1 1.1 |148 [1.2 11y0 1.2 {15y 1.1 [137 1.1 14dy
9 228 I 3.0 113 § 1.1 8157 1.1 Ji22 .2 f1gr 1.0 49235 [ 129
10 | 254 |1.0 {119 [1.0 }122 {1.2 109 f4.1 {111 [1.1 108 1.1 i
11 270 11,2 J109 Y4 112 1.2 88 F.2 | 92 1.9 1 90 |12 98
12 30 1.2 1 8, §1.3}) 87 .31 11 P31 71 Rl 73 11.3 i
13 330 |1.1 1 69 f1.11 72 1.1 § 5, §1.0 | 54 B.9 | 51 1.0 60
14 355 {1.1 | 54 1.1 ] 57 (0.9 | 46 #0.8 | 44 .0 | 38 l1.0 48
15 381 10,8 §{ 39 |1.0| 35 0.8 | 28 0.9 { 29 f0.7 | 23 (0.8 31
16 4,05 10.9 | 26 10.8] 23 (1.0 {19 l0.9 | 18 Jo.9 } 16 lo.9 20
17 1431 o8 | 1.1 10 fo.6 | o 0.8} & Jo.7]| 5 }o.8 5
18 456 0 0 0 0
[ — | L ) | i "-_.4
Total ‘ Mean Total
Depth of 17.6 17.8 17.1 i3 17.8 Depth ins. 17.5
Fenetration ——— s
Inches Standard
Deviation 0, 31
A R R B i i ante e T i o o R D T Attt g o~ —
Total Mean
Volume L4 L4y2 504 469 L97 Volume cecs. 477
cCs. R
Standard
. ’ : Deviation 25
i s i i i e e S e e et
-16-
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Appendix A Table 6

£LLLLTG SR LRG.T
RD: /THT 60/40 Material:  Copper R.H. LR OUR
Conre ingle: 15

'all thiclmess: 0,280 inches

- e S e s P € EER e BB D B S B G S i — T W e S e G Ehe e Y e B eSS weTw - E——
v . *

Round No. | P26 P27 P28

. P87 ! p88 ;
—— —— SR | Y 2 ——d
Plate 19,20 16,20 19,20 24,25 PL, 25 [T liean
Nos. 21,22 21,22 21,22 26,27 6,27 i Hole | Residual
,q._,_-_--J.~.- -t 1 - e Rttt B —--y¢ Diam Volumne
Depth of Resi- Lesi- Resi- fResiq .- - |Resi—| ins. ces.
PaetmtionjHoleldual | Holefdual | Hole{dual Holeadual Hole| dual
- DiamiVol, | Diam|Vol. | Diam}Vol. |DiamjVol. {iam|Vol.
Ins, jmms.{ins.{ccs. | ins.]ccs, | ins.{ccs. {ins.jccs. Hins.|ccs.
B s il Sttt -— ...,.‘..4 o oo sem e e ._-.—..r.....- T CTER ‘""_‘"_ﬁ i s o iman,
Crater 313 384 357 403 372 378
- - -T—— o e e v et o e e = ¢ "'~+-~ *-‘L- = oo i C oy
0 012.8 346 |2.7 1355 {2.8 |341 2.6 1361 2.8 346 | 2.7 350
i1 25 12.3 1271 2.2 |269 [ 2.2 | 261 1.8 1289 2.1 1266 | 2.1 271
; 2 51 1 1.6 | 2351 1.7 1229 (1.41228 }1.51258 P.5]|234 1.5 236
k3 76 11.5 1204 | 1.4 202 (1.4 1205 (1.4 [<33 P.41204 §1.4 210
14 |10z |1y 181 13 i | 1.3 1181 Laln jeor (1.3 177 (1.3 181,
f 5 12T 41.3 1066 | 1.5 {15 131.3 11606 1.3 185 [1.3 & 454 { 1.3 163
Y6 Y152 {12141 J1.2 |134 [1.20136 1.3 1163 {1.3) 13 }1.2 142
I 7 178 1 1.0 127 411 115 1.0 §i12e 11 183 (11 | 196 J 11 124
: 8 205 }1.0 J114 (1.0 1103 [(1.04108 j1.1 {126 {1.1}] 102 | 1.0 111
19 |28 |1.0{104 {1.0] 8 [1.0] 97 |1.0|112 [1.0] 86 | 1.0 97
f10 254 11.0 91 1.0 15 1.0 8l 1.1 1102 1.0 N 150 85
11 279 (1.0 80 1.1 63 10.94 63 1.0} 92 1.0 59 | 1.0 73
{12 304 31,08 62 (11 ¢ 45 11.0] ST 1.1 § 724015 55 F 131 56
13 330 {0.9}F 47 0.9} 28 0.9¢f 37 (0.9 61 1.0} 29 | 0.9 L0
14 550 1161 52 §1.2 0 15 L 22 1.0 49 1.2y 10 | 1.2 26
15 381 0 0 o J1.3¢ 11 0
16 L06 0
- 1_._-...{ e e b« ———— v P - ] - i mad s e = —'.__.- ) [N S S——
B i - I~
%gzii of llean Total
Tenetration 14.8 Ll Ve 155 e .].).ef_h..].-.ris_._‘lii
Inches Standard
Deviation 0.32
F--_.-_-.-.-‘,--_~--.+-.._.-----,_-ﬁ..-.-.- 3 | el g SRS SR e BRI
Total liean
Volume 513 381 351 505 A Volume ccs. 378
ccs. = =
Standard
{ | f : Deviction 17
LS. - | W W B . S -}___.-_- SR NN =Say 00 <. | SO SN0 Ao,
A
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Appencdizxz A Table 7

SECRET DISCRLET

FI LING LIR L.3GT
RD../TNT 60/40 Materials Copger R.H. AROUR
Cone Angle: 100
"all thiclmess : 0.140 inches
eps mem ey S =
Round No. P29 P30 B P32 P111
Tlate T AY S Mean | Mean
Nos. L 1920 19520 19,20 53,46 Hole |Residual
e ) e _ Diam. Volume
Depth of Resi- Resi- Resio Resif  |Resi{ 7St %
Penetration { Hole|dual | Hole dual | Hole| dual } Holej dualjHolef dual
Diam|Vol. } Diam} Vol. | Diam| Vol. | Diam| Vol.}Diang Vol.
Ins. | mms.} ins.|ccs. | ins.] ces. | ins.| ccs. | ins.} ccs.]ins.] ccs.
Crater: 551 598 583 630 600 599
sl e .T.,v-‘__,.l.-
0 0 |3.4 {544 [3.2]579 { 3.2 532 {3.4 1569 |3.1§537 |3.3 592
1 25 12.6 {421 2.5 {439 | 2.8 J428 2.7 {440 2.6 3443 |2.6 L3l
’) 51 2.1 1364 (2.1 1367 | 2.1 }353 [2.0]385 }2.3)1365 |2.1 367
] 76 {2.0 1312 (2.1 }307 | 2.2 }293 |2.0 330 {2.2§°299 ¢2.1 308
L« k102 2.0 {254, (2.0 {254 f2.1 1238 12.1 {1278 §2.11238 | 2.1 252
5 127 1.8 204 2.0 | 204 2.0 1180 2.0 {216 §2.0} 189 2.0 199
6 152 §1.9 159 12.0 }139 | 2.0 {133 |2.0 }J160 }2.0} 125 |2.0 143
7 178 117 1115 e T § 85 ET=T X 85 J1a7 11635 10.T 1 €6. 3 1.7 oL
8 {203 11.8 {72 y1.4 | 52 |1.6 )50 1.6 63 |1.6| 16 }1.6 57
9 228 12 L1 13 531 1.3 27 1.4 L2 1.2 20 13 32
965 Losn 14,4 126 (1.0 ) 40 f1.2F 7 11.5% 48 179.0 1 13
11 279 11 0 0 0 0
12 304 0
Total Mean Total
Depth of Tl 1Ok 10.6 10T 10.4 Depth ins. 10.8
= :
iii;:i?tlcn Standard
Deviation 0.51
= s = S —— — TR S N S ———— ——
Total lean
Volume 581 568 563 630 600 Volume ccs. 599
{ccs. —
Standard
Deviation 19
-18-
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Appendix A Table 8

FITLING LIT.R ToRCLT
RDX/TWT 60/40 Matorials Copper R.H., RIOUR
Cone ILngle: 100
Vall thickness: 0.280 inches
Round No, E55 i P36 P37 P38 P120
Plate 19,20 19,20 19,20 19,20 33,46 Mean Mean
Nos. 21 21 21 21 23 Hole | Residual
a8 o I N | I S Diam, Volume
ins, cecs.
Depth of Resid Resi- ResiH Resi+ ResiH
Rnetration | Holef{dual { Holef dual | Hole!dual } Hole| dual {Holel dual
Diam|{Vol. | Diam Vol. | Diam|{ Vol. | Diam|{Vol. {Diam{Vol.
Ins., |mmsd ins.fccs. § ins.] ccs. | ins.f ccs. | ins.| ccs. {ins.] ccs.
B R— <
Crater: 391 = 4 399 400 395 423 403
o | ofa5[369 J2.5 |30 |2.3 360 |2.6 {375 f1.9 |uos feus 380
251 1.6 |322 il 1.525 1.7 338 11.7 1325 (1.8 | 357 i il SB5
2 511 1.5 1296 1.3 {299 1.4 1309 1.3 1296 1.6 |321 1.4 304
3 76 1 1.4 [272 1.4 1273 1.4 |286 1.4 270 |1.5 {288 1.4 280
L 102 1 1.5 247 1.4 1246 el §263 1.4 1242 1.5 | 257 1.4 251
5 127 V1.4 219 1.4 {222 1.4 236 1.4 j217 1.5 } 228 1.4 224
6 152 1.4 192 1.5 1187 1.5 1203 1.5 }187 (1.6 | 188 1.5 191
7 178 1 1.3 {160 1.3 158 1.4 1175 1.4 }155 1.4 155 1.4 160
8 203 {1 1.3 {140 1.3 {134 1.3 {153 3 P13k a3 1139 13 138
S 228 1.3 |119 s e 5 1.3 | 131 Tl F111 2.3 1113 1ed 117
10 254 11.5 95 T 79 1.7 1105 15 76 11.7 75 1.6 86
11 279 11.6 66 Mty 57 illei2 73 ki 5, 1.6 52 15 60
12 304 11.5 30 115 17 1.7 1 40 1 15 16 1.5 10 iR 23
13 330 0 o }lo.8 0 0
. il
Total liean Total
Depth of 12.8 12.4 13.1 12.3 12.2 Depth ins. 12.5
Tenetrmtion .
Inches Standard
Deviation 0.38
Total ' Yoen
T, 29 29 400 5D 423 YOlume ccs. 403
e Standard
Deviation 11.4
|
m
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Appendix A Table 9

rUime LR TARGT
RDX/TNT 60/40 Material: Stgel R.H. :RIOUR
Cone ingle: L5
hall thickness: 0.100 inches
Round No. | P142 P1L3 P4, PiL5 | P1L6 :
SFNESENUSOTS, RS SHES——— N————
Plate 55,54 55554 55,54 55,54 55,54 Mean Mean
Nos. e B2 53452 95552 5592 Hole {Residual
51 Diam. Volume
— g ’ ins. cCS.
Depth of Resi- Resi- Regi~ Resit Resi-
Penetration]Holejdual | Hole{dual |Holejdual {Holefdual [Holef{dual
-——————{Diam|Vol. j Diam|Vol. |DiamjVol. |DiamiVol.{Diam|Vol.
Ins., mms.{ins.|{ccs,., {ins.]ccs. |ins.{ccs. (ins.fccs.{ins.lccs.
Crater: 813 763 779 852 T34 788
. e e e :
0 0 3.3 1765 | 3.6 {710 {346 {718 {5.3 {762 3.5 1679 |3«5 120
1 25 3.0 {634 2.8 15718 3.2 {591 3.3 1651 |2.7 | 562 2.0 603
2 51 |2.8 } 516 2.4 {450 2.6 1492 3.1 1524 |2.4 | 476 2.65 500
3 76 12.7 b4 2.4 {416 2.6 1411 2.5 {431 12.3 {405 2.5 415
L 102 2.6 } 325 2.4 133, §2.6 |326 2.3 1352 2.3 ]335 2.k 33
5 127 (2.3 {245 2.4 1254 2.3 1255 2.3 |280 2.4 {256 2.35 258
6 152 11.9 1189 2.0 1195 1.9 1195 2.0 {224 |2.2 192 2.0 199
7 178 [1:5 J150 1.7 1150 1.5 1151 15 | 176 11.6 |15 155 156
8 203 11.5 123 1.4 } 119 1.4 1125 1.3 [152 (1.4 |124 1.4 129
9 228 {1.4 1100 1.4} 95 1.3 {104 1.3 {126 (1.3 1103 [1.35 106
10 254 1.3 78 .41 76 103 86 1.2 1106 [1.2| 82 1.3 86
11 279 11.1 62 1.4 ] 55 il 2 70 1.2 87 11.2 67 1.2 68
12 304 1.1 L2 1.2 32 . 50 14/ 66 1121 45 1.15 L7
13 3% 1.0 28 1.1 15 1.0 38 1.1 5 1.0 31 1.05 32
14 355 10.9 18 1 0.6 6 1.0 2L 1.1 35 10.9 20 }0.¢ 21
15 381 10.7 5 0 {0.9] 12 (0.6 810.6} 10
16 LO6 0.4 0 05 5 10.5 L 10.5 6
17 431 0 0 }0.8 2
18 L56 0
Total llean Total
Depth of 16.0 154.8 16.8 166 ree Depth ins. 16.3
Peretration
Inches Standard
Deviation 0.93
Total ' Mean
Zziume 813 183 9 ' 852 134 Volume ccs, 788
Stand.rd
Deviation L5.6
—20=
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Lopendix A. Table 10
FLLLING LINR T.RCTT
RDX/TIT 60/40 Material: Stgel E.H. ARMOUR
Cone Angle: L5
tall thickness: 0.160 inches
Round No. P39 £92 P9l P95 796
Plate 19520 2}s25 24,25 24,25 2L,25 -
21,22 ; Mean Mean
Nos. ’ 22,27 26,27 26,27 26. Hole Residual
d Diam. Volung
T ; ;s Ins. ccs.
Depth of i Resi- Resid Resi- ' Resif Resi-
Penetratio] Holg dual | Holej dual | Hole] dual | Hole dualf Hold dual
Diam Vol, | Diam{ Vol. | Diam} Vol. Diaq Vol.! Diang Vol.
Ins. ms 4 ins% ccs. | ins.{ cecs. | ins.; ccs. | ins.| ccs.finsd ccs.
Crater: LT 559 K 55T | 558 55
0 0 3.1 }516 (3.0 {518 [2.8 W76 (2.9 [491 (2.8 {516 |2.9 503
1 25 |2.5 {423 2.4 {429 (2.3 396 }2.3 |406 2.4 {431 2.4 L17
2 51 12.2 1353 (2.1 {379 |2.1 336 2.1 |341 2.0 |371 el 356
s 76 {2.0 |291 2.0 |320 |2.0 {276 }2.0 {290 {2.0 {320 |2.0 299
L 102 2.0 |245 2.0 269 2.0 227 2.1 {331 2.0 {270 20 2,8
5 127 11.9 1193 1.8 219 1.8 ﬂ76 1.9 |186 2.0 | 216 1.9 198
6 {152 [1.8 {140 §1.6 |17 11.6 136 11.6 {131 1.7 [156 | 1.65 T
T 178 §1.4 {107 1.4 1137 a3 FIO6 1.4 89 1.4 1126 iy 113
8 203 1.1 87 1.2 1117 1D 90 il 81 1.3 1101 14125 95
9 228 1.1 T2 1.2 97 1.0 73 1.0 6L, 1.2 82 il 78
10 254 1.0} 67 §1.1 179 [1.1 {58 11.1 ] 51 p1.2) 66 | 1.1 61
11 279 |11.0 51 1.2 67 sl L0 =2 Ly 1.0 48 151 50
12 {304 1.0 31 Jo.9 {49 11.0 21 |1.0] 30 [1.0] 36 | 1.0 33
13 330 0.8 1 20 10.9 | 39 |0.7 14 0.7 ] 20 11.1 20 1 0.8 23
1, | 355 {0.8 ] 14 Jo.7 1 33 |o0.7 0.7 11 {1.0} 9 |o0.8 15
15 | 381 6 [ea7 | 22 0 0
16 L0O6 2 o)A 4 15
1 431 0
Lo s 4 '
liean Total
Total i
Depth of | 15,1 16.9 ) 15,0 Tl - focpi Elallone
Fenetration e Taa= o
Standard
e Deviation 0.98
et ey e —— . TN PR S Bl o
l'ean
t -
$gli;e ST 559 5N 5k1 558 Volume ccs. 543
ccs. TR
Standard
Deviation 19.5
=24
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Appendix A Table 11

SECRET DISCREET

FILLING LINIR T.RGLT
ADX/TNT 60/40 Material: Stgel R.H. ARIOUR
Cone Angle: L5
Wall thiclmess: 0.320 inches
Round No. P97 P98 P99 P100 P112
o
‘%:f;‘:e 25,25 24,25 2,25 24,25 33,46 fszn ke
E ' Hole | Residual
3‘._“_“_"‘ N . Diam Volune
Depth of Resi- Resid Resi~ Resi+4 ResiH Ins. eess
Fenetmtion | Hole] dual | Holej dual | Hole] dual { Hole| dual {Hole} Aual
Diam| Vol. } Diam| Vol. | Diam| Vol. | Diamj Vol. |Diamf Vol.
Ins, | mms,.{ins.{ccs. | ins.]| ccs. } ins.} ccs. | ins.] ccs. |ins.| ccs.
Crater: 292 299 213 298 321 305
0 0 |2.2 1266 2.1 1279 2.1 1292 21 11262 12.0 § 510 2.1 282
1 25 11.7 1214 1.9 1220 1.8 | 241 =8 215 11.84255 1.8 229
2 51 11.5 | 181 1.5 187 1.7 1205 1.6 1180 1.7 1 220 26 195
3 76 1 1.5 1153 1.5 1157 a9 173 1.4 1151 1.6 1188 ilieiS 164
L 102 1.4 126 1.5 1130 1.4 ) 144 1.4 1122 {1.51 151 1.4 135
5 127 1.3 1101 1.4 {100 1.5 | 117 1.4 96 1.4 121 sy 107
6 152 §1.3 76 Tl 74 1.4 ] 90 1.4 70 1.2 95 523 80
7 178 1 1.1 59 il 50 140 66 11 51 |1.0 65 sl 58
8 203 10.9 L3 10:8 1 5O {08 54 1.0 39 10.9 55 10.9 L6
9 228 10.7 39 @81 5o 0.8] 44 1} 0.8 30 0.9} 45 0.8 38
10 25 1 6.8 31 0.8} 22 } 0.9 e | O 20 0.9 32 0.8 28
11 279 {0.8 24 1 0.8 15 ¢ 8.81 26 | 0.7 14 1.0 29 0.8 22
12 304 1.0 11 1.6 01 0.9 14 1%1@ 1 1.0 0 il 5
13 330 0 0 0
Total liean Total
Depth of Depth ins. 12.3
it 12:5 12.0 12.8 12.1 12.0
Inches Standard
Deviation 0.36
Total = ¢ llean :
Volume a9z 299 33 258 5e Volume ccs. 305
ccs. 7
Standard
¢ _ Deviation 12
22
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Appendix A Table 12
SITLING LIICR TARGIT
RDZ/TNT 60/1,0 Materials gteq) R.H. (DIOWR
Cone Angles: 75
\'all thickness: 0.100 inches
Round No. | P 147 P 118 ¢ P49 P150  |P 151 ;
Plate 55, 5k 55,5k § 5550 55554k [555k L T
NOS. 5‘3 53 | 53 53 53 Dlam Volume
o e | : ! Ins. ccs,
Depth of Resi- Resi~ Resi— ResiA Resid]
enetration | Holeldual | Holejdual § Holejdual | Hole|dual {Holejdual
Diam}Vol, | DiamjVol. } Diamj}Vol. { Diam(Vol. {Diam}Vol.
Ins. | mms.]ins.|ccs. | ins.|cecs. § ins.}ccs. | ins. |ccs. Jihs. |ces.
Crater: 695 701 610 681, 689 676
S—— N i et . .
0 013.4 654 3.5 1656 13.0 565 | 3.2 1614 }3.4 {639 363 626
1 25 12.3 1555 {2.6 {546 2.2 1492 } 2.5 |52L 12.3 548 2.4 533
2 51 1.9 {493 2.4 {469 1.9 1444 § 2.4 {441 §2.2 {480 2.15 465
3 76 2.3 428 2.5 |386 1.9 1393 2.3 1367 2.3 {416 2.25 398
L 102 12.5 1352 } 2.4 {309 2.1 346 | 2.4 1295 (2.4 |341 2435 329
5 127 12.4 | 268 2.3 {239 §2.1 {291 2.3 {228 j2.4 {264 2.5 258
6 152 {2.0 {205 (2.0 |176 2.1 {230 { 2.0 |168 2.2 1190 | 2.05 1G4
T 178 (1.8 [150 1.9 117 §1.9 [176 {1.9 112 1.9 {138 | 1.9 139
8 205 1.5 1143 6 T T7 1.8 137 150 97 .7 1 93 1.65 100
9 228 {1.6 1 8 V1.0 51 {1.9) 97 {1.4| &7 1.5 63 | 1.55 68
10 254 |1.3 | 58 1.0] 33 1.5 ] 63 1.2 28 1.2 | 41 1.25 L5
11 279 11.2 38 1,01 20 1.4 1 39 } 0.9 14 1.2 23 1115 27
12 V304 [1.21 20 | 1.0} 4 |1.6] 9 {1.2] 2 1.3} 5 |1.25 8
3 330 10.8 L 0 0 0 0
15 555 0
Total : }Mean Total
Depth of 13l 12.5 12.7 12.2 12.8 Depth ins. 12.7
®netration b
Inches Standard
Deviation 0.45
% tal . 1 - ) ]
ota - lean
Voluune 695 g 610 68l 689 Volume ccs. 676
ccs. ' e = e
Standard
! Deviation 37.3
PRI N W RS SN SRR A
=)

SECR.T DISCREET




SECRET DISCREET .
Appendix A Table 13
FILLING LINIR _TARCLT
RDX/TNT 60/40 Materials Steel :
A 758 B.l. ARMOUR
Well thickness: 0,160 inches
Round No. | PL9 P121 P122 P125 | P126
Plate 2L, 25 55,5k 55, 5k 59,54 55,54 :
Nos. 26. 53 55 5% CE Mean Mean
Hole {kesidual
g » —1 diam. | Volums
Deptk of Resi- Resi Resi- Resi4 Resi ins. ccs.
IénetrationyHole dual | Holef dual | Hole] dual j Hole| dualjHolej duz.l
Diamf Vol, | Diam} Vol. | Diam} Vol. | Diam| Vol. {Dian§ Vo: .
Ins.| mms.{ins.}j ccs. { ins.jccs. | ins.| cecs. | ins.} ces. jins.} cos.,
Crater: 510 478 500 540 ik 520
0 0 §2.9 {454 {2.8 440 §2.81463 }2.81476 }3.3}1515 {2.9 469
1 25 12,4 1363 12.2 1575 12.31386 |2.3 FL0O j2.4 § 437 12.3 392
2 51 {2.0 1299 |2.3 306 }2.11328 {2.1}342 [2.2 1377 }2.15 330
3 76 12.0 1250 | 2.0 |252 2.0 {275 {2.1 289 2.1 |31 §2.05 276
L 102 (1.8 1209 {1.8 203 |1.9]226 (2.0 }237 {2.1}253 §1.9 227
5 T2 |17 19196 | 1.9 {96 1.81179 11.9 1189 |2.0}1205 |1.85 182
6 152 {1.7 4129 1.8 |118 |1.7}141 {1.9 {152 |1.9}155 }1.8 139
7 178 1.6 97 [1.5) 92 1.4 1109 11.6 {115 1.4 b120 f1.45 107
8 203 1.3- 77 $0h 1 69 §l.40 86 : 1} €2 £1.3¢ 95 ¥1.35 83
9 228 1.1 4% 57 J4.4 0 43 (1.24% 6k $4.3 ) L 120 75 |Y.25 61
10 25l .2 39 1.2 27 1.1} 46 §1.21 43 1151 53 | 1.25 L2
11 279 1.0 22 | 1.1 Al de 26 11.3 1 26 11.31 27 }1.15 23
12 304 1.2 0.6 0] 1.2 9 Taly 1.2 5 Azerl 5
15 330 0 0 b)
Total £ Mean Total
Depth of 12.1 12.1 12.3 12567 12.3 Depth ins. 12.3
Penetratim
Inches Standard
Deviation 0.24
Total lean
Volume 518 418 30 o4O =g Volume ccs. 520
ces.
Standard
Deviation 36
L
Pl
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Adpendix A Toble 14
171G LLLR TIiRGLET
RDX/THT GC/AO Material: Stgel Q.H., AROUR
Cone Angle: 15
~.all thickness: 0.320 inches
Tound No.} P101 { P102 y P103 ‘P04 yP113
¢ 1 -~4 [
e oL, 25 2L,,2 24,2 oL,2 6 1 1
Mos. ’+9 B) Ll'y 5 Ll'y 5 Ll'y 5 33,’4’ liean Hean
Hole | Residual
Depth of |Resi- {Resi-~ ResiH Resi¢ Resi- ?1am Woluins
Penetmtion | Holeidual | Holejdual {Hole}dual § Hole|jdual}Hole{ dual Bge oty
ceeeepa——-q Diam}Vol, { DiamjVol. §Diam;Vol. | DiamjVol. jDiam Vol.
Ins. { mms.l ins.}jces. | ins.jces. {ins.jces. § ins.|ces. {ins.! ccs,.
Crater: 314 31L 271 285 292 295
0 g j2«1 1285 2.1 1279 }2.0 {242 2.0 {254 (2.1 | 274 2.1 267
1 25 (1.7 {245 1.7 123, 1.7 {204 1.6 1209 |1.5 1232 1.6 225
2 51 t1.4 221 1.5 201 1.3 {177 1.5 1184 1.4 | 207 1.4 199
3 76 $1.2 1199 §1.3 84183 §1.2 §157 1.3 1159 31,4 1182 |1.3 176
L o2 £1.2 180 1.3 | 162 1.3 1134 1.3 1139 (1.3 1159 1o i
5 127 §1.2 | 161 1.2 1140 (1 T8 e 1.4 116 1.3 153 1.3 135
6 152 1.3 1139 1.4 | 104 S 8y 1.9 1 8, (1.4 ]100 1415 102
7 178 {1.2 1116 1.4 | 69 §1.31 59 }1.51 50 (1.4} 65 }1.4 e
8 203 i1.0 1100 151 & 1.3 37 w3 27 1.4} 38 e 3 L9
9 228 {1.0 88 1.6 T 1.2 15 disel B e 1.2 2L
10 254 1.2 76 0 0 0 15
1 279 (1«7 | 45
12 304 12.0 0
': JL — : |G
-
Total liean Total
Depth of 12.0 ke 9.5 9.2 3.5 Depth ins. 10.0
Fenetration
Inches Standard
Deviation 1.1
& : SRR YU PPN PO -
Total = = liean
Volume Sk Ik e 265 ede Volume ccs. 295
ces. —_
Standard
x ! Deviation 1(.8
! % P SR N1 o e
25—
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Appendix A
LINER
Material: Steel
Cone Angle: 1000

Wall thickness :

0.100 inches

Table 15

TARGET
R.H. ARMOUR

i ; S "';"" B e S i o s S (e e @ ) e 2 Al e i ieis o b ek e "'-'_.'—‘"-“'""TF.""""""—--ﬁ
Round Fo. ;P152 P 153 P 154 P 155 iP156 |
SV TR A AR S— |
Rlate ; llean lean !
Nen.  |59s0k 55,5 55,54 B5,5k 155,54 Hole { Residual
¥ : e 2 — 1 : ~ Diam, | Volume
Depth of Resi- | Resi {Resi iResil  |Rosio TIPS e
Pmetration{Hole| dual § Holel dual | Hole:dual | Hole! dualfHolet dual
Diami Vol, ! Diam| Vol. | DiamiVol. { Diam| Vol. [Diam Vol.
Ins. |{mms, lins.|ccs. | ins.{ccs. | ins.j ccs. ins.;ccs.gins. cus.
; - B R R B ey di e AR 2 —«w,..{,’}_-
Cratgrs 635 677 689 673 i 6L 670
e e e ..—.-J-...-.—— i,—— R e | o - ; - e
0 0! il.9: 6t 2.1 {648 12,2652 |2.1}643 X2.O 5,8 2.05 62
1 25 {1.9 {576 1.9 | 600 1.9 {600 1.91592 £1.9 ] 606 1.9 595
2 51 118 J1530 2.1 1542 | 2.2 |51 2.2 1 552 §2.5 | 548 § 2.1 539
3 76 12.4 | 466 2alp VT 2.4 | 457 2.k [} 455 12,40 § LG5 ity L6l
L 102 2.6 | 379 2.6 | 370 12.6 365 | 2.6} 362 12.7 | 6k 216 368
5 127 (2.5 | 285 261 . 272 2 1 i 1251 2.7 14 269 12,7 1 26k 2.65 269
6 152 12.5 1195 2.5 182 2.% | 165 | 2.5 1g8 ie.T i 159 2:5 178
7 i7e" 12,01 108 i 2@ g2 11.8 . 78 2.0 O j1.8] & i 1.9 88
8 203 1.7 66 54 53 1.5 1 46 1.6 Ly 1.4 50 155 52
9 228" 1.5 | 56 1.2 31 1= 3 22 Trer 25 1.2} 29 1.3 29
10 254 1.2 18 =2 13 | 0.9 7 1.4 1.2 13 1.2 12
11 279 1.7 3 1046 0 0
12 304 0
|
Total
liean Total
§§§21;;¥§on il 52 11.0 10.6 10.4 10.8 Doph s, 108
Inches Standard
Deviation 0, 31
Total : liean
Volume 635 671 689 &5 674 Volume cecs, 670
cCS.
Standari
l : Deviation 20.L4
-
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Appendix A Table 16

2L LIVGR LRGIT
RDL/TNT 60/AO Material: Steel R.H. ;RiCUR
Cone Angle: 100° .
all thickness: 0.160 inches
Round No. P123 P12y P127 P128 P129
e Mean Mean
Nos 55,54 55,54 55554 55,5k 55,5k Hole } Residual
. ﬂDiam Volume
! Ins. CCS.
Depth of ResiT Resid ResiA Resif Resi4
Fenetration|Holel dual | Holejdual § Holef dual { Holef dualfHolel dual
Diam{Vol. | Diam}Vol. Diam!Vol. Dianmj Vol.jDiamg Vol.
Ins, |mms. |{ins.|{ccs. | ins.}ccs. § ins.{ces. | ins.} cecs.]ins.) ccs.
Crater: 5817 598 611 626 615 607
0 0 [2:7 J'525 % 3.1 £557 @ 2.7 3550 § 2.6 1550 §5.7 1554 § 2.8 547
d 25 2.7 | 426 2.6 1449 2.3 §L66 2.4 1452 §2.2 J 460 2.4 451
2 51 j2.2 |364 | 2.1 1389 }2.3 §399 {2.2 1392 2.1 1398 [ 2.2 388
3 76 12.1 | 306 2.2 1324 2.4 §329 2.1 332 12.1 £358 W 2.2 326
L 102 2.2 {244 f2.3 260 2.3 1260 2.2 1267 2.2 270 RS 260
5 127 2.1 176 2.1 §197 2.1 1195 2.3 1197 (2.2 {202 2.15 193
6 152 (2.0 j122 }2.0 140 §2.3 §134 (2.1 141 2.7 3146 Q2.1 137
7 178 1.8 1 77 1.9 82 iPsil 16 1.9 8y, 2.0 85 1.85 81
8 203 1.3 1 47 1.6 5il 165 52 1.5 1 47 1.5 1 49 1515 L9
9 228 1.4 19 1.4 22 g2 27 15 21 1.4 23 1.4 22
10 254 {1.0 3 11.0 5 14,3 F 90 $1.6 0 1.1 L F1.9 kL
11 279 0 0 0 0
Total Mean Total
Depth of 1052 1053 10.4 1052 10.4 Depth ins. 10.3
Enetration
Inches Standard
Deviation 0.1
T Iean
ngi;e 587 598 611 626 615 Volume ccs. 607
ccs.,
Standard
Deviation 15.4
L o— e - il el
—27=
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Append:x A Table 17

FILLING LINZR T/ aGET
RDX/TIT 60/4,0 Material: Stegl R.ll. ARIOUR
Cone Angle: 100 )
Wall thickness: 0O-320 inches
Round No, P63 PéL P81 P82 P114
—
D) ate ’ Mean Mean
o 52555 5255 32,33 52595 33,46 Hole | Residual
Diam Volume
{ ins. ces.,
Depth of )] Resid Resi ResiA Resit Resi—
Rnetration Hoij dual } Holej dualj Holegf dual] Holef dual}Holef dual
Diant Vol. | Diamj Vol. | Diamf Vol. | Diamj Vol.}Diam§ Vol.
Ins. |mms. |inse¢i ccs. | ins.jces. | ins.} ccs. | ins.fccs.]ins.f ccs.
Crater: 308 320 321 334 Sl 320
0 O f2.11288  2.0290 |} 2.0Q8304 | 1.9 {310 J2.0 §29,4 2.0 297
1 25 (1.7T0 247 1.6 1249 | 1.7 } 261 1.8 1262 [1.6 }25C (1.7 254
2 51 1.5 215 | 1.4 §216 1.58232 F 1.4 §232 {1.4 §22C 1.4 223
3 76 1.38189 | 1.3 1195 | 1.2 §206 | 1.3 J210 1.3 F195 }1.3 199
L 102 .41 166 1.4 170 | 1.3 §187 1.3 1187 1.4 §17¢ 1.4 176
5 127 P.4u 4138 1.4 4145 | 1.5 4162 | 1.6 §158 1.5 § 14 145 149
6 152 p.61104 | 1.6 §110 { 2.0 110 § 1.8 112 1.4 f108 11.7 108
7 178 .91 45 1.8} 65 | 1.9 50 | 2.1 LO 11.9§ K¢ 1.9 52
8 203 H.3 7 Mo B 29 | AT 0 11.3 1.5 1 W6 .5 11
9 228 0] 0 0
Mean total
Total :
Depth of 8.1 9.0 8.0 8.2 8.5 UsBva s toa
ifnitﬁfl°“ Standard
Sl Deviation 0.38
Total | liean
Volume 308 be gel 55k 515 Volume ccs. 320
ccs.
Standard
Deviation 9.6
-28-
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Appendix A Table 18

FLILING LILR T.RCIT
RDZ/TNT 60/40 Material: Aluminium R.II. AR OUR
Cone Angle: 45
Wall thickness: 0.300 inches
e e g e s o
Round No. | P 132 P58 P13 P 135 P 136
o lean llean
Plate 55,5k, 55,54 55504 55,54 554 Dk Hole | Residual
Nos. 53 53 Diam. Volume
ins. ccs.
Depth of ResiH Resi- ResiH Resit ResiA
Fenetration|Holej dual | Hole| dual | Hole} dual | Hole| dual} Hole} dual
Diamf Vol. | Diamj Vol. | Diam} Vol. | Diam! Vol.] Diam Vol.
Ins. f mos.§ins.fces. | ins.jces. | ins.} ces. | ins.| ces.§ins.] ccs.
Crater: 799 825 801 832 809 813
0 O |4.1 §724 3.9 754 §3.9 707 } 3.8 760 j4.1 725 }4.0 T34
1 25 13.5 1564 |3.4 603 |3.2 |572 |3.7 605 |3.1]590 {3.4 587
2 51 }3.0 {438 [ 3.0 {472 | 3.0 441 } 3.3 |460 12.9 {471 }3.05 456
5 76 12.5 }350 2.6 |3715 2.7 | 350 2.9 | 352 2.6 | 377 2,65 361
L 102 j2.2 {284 2.6 §287 2.7 1256 2.6 258 2.5 1299 2o 277
5 127 12.2 f21, 2.0 1213 }2.0 }191 | 2.2 |185 {2.5 223 ]2.2 205
6 152 12.1 162 1.9 {163 1.9 V144 1.9 |136 2.1 }161 2.0 153
7 178 1.5 {120 1.5 {113 1.4 99 1.4 88 11.5 121 1.45 108
8 203 P.u 1 93 (1.5 18 V1.4 74 p1.4 01 64 1.4 95 f1.4 82
9 228 V.3 1] 69 1.3 1 63 1.2 1 55 1.5 ¥ 46 Fl.h 13 153 61
10 254 .3t 46 1.3 1 42 e I 35 1.4 2 [ 5% 3, L1
11 279 p.3 26 1.4 18 L 2) 13 1.1 i 31 1.25 19
12 304 P.4 3 0 0 0 {1.6 3
k%) 330 0 0
L -t Y
Mean Total
Total 5 ;
Deth of 12,2 11.7 11.5 1.3 12,2 Depth ins. 11.8
i Standard
. Deviation 0.41
- 4 o (- —1
notal . . . lean 2
Volume 759 25 01 32 809 Volume ccs. 813
ccs.
Standard
Deviation 14.6
50
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Appendix A Table 19
MILLING LINR T. RGCT
RDX/THT 60/&0 Material: Algminium R.H. ARIOUR
ConeiAngle: L5
vall thickness: 0.470 inches
Round No. ) P56 P89 P90 P115
Plat . ) .
Nisf 21,25 2L, 25 24,25 24,25 33,146 lean lean
Hole Resgidual]
T ! 7~ —1 Diam -- Volume
Depth of i Resi- i Resi- Resi- Resil Regi4 1Ps- Ll
Renetration {Holg dual Hole‘dual Holerdual Hole| dual} Holg dual
Diand Vol. DianAVol. Diamy Vol. | Diam} Vol.}Diarf Vol.
Ins.| mms.lins.] ccs. ] ins.fcecs. | ins.dces. | ins.}ces.]ins.} ces.
Crater: 619 610 599 552 570 594
0 8 3.3 4545 | 3o k502 1 3.2 §532 [ 3.1 (499 13:.235:5 | 3.2 Do
1 25 2.8 {437 | 2.7 455 32.6 {426 | 2.6 |405 j2.7 bty | 2.7 433
2 51 12.5 1345 | 2.4 §375 12.3 {346 |2.4 |324 }2.5§340 | 2.4 346
3 76 2.3 271 2.2 301 2.2 {269 2.2 256 2.2 )27, 2.2 274
L 102 §2.1 1215 2.2 3235 2.2 1219 2.1 1199 12,21 212 2i2 216
5 | 127 12.0 §155 (2.1 1176 |2.1 1155 {2.0 |134 }2.0}156 | 2.0 155
6 152 §1.8 1105 1.9 120 1.8 1 99 1.8 79 11.9 920 1.8 99
7 1780 113 81 1.3 91 o2 712 13 1 55 H=3 55 173 71
8 203 1.1 61 1.2 12 1.2 60 1.2 36 1.2 35 a2 53
9 228 1.2 1 46 1.1 5T e L0 1.1 20 1.1 16 1 3€
10 254 1.2 26 1.2 {1 4O s 20 10.9 7 0.8 1.1 19
1M 279 0 1.4 17 0
12 304 0
Total llean Total
Depth of 11.0 11.4 1k 10.6 10.1. Depth ins. 10.9
Penetration ——— e e e
Inches Standard
Deviation O.L4L4
Total e - lean
Volume 2 610 599 0% 590 Volume ccs. 594
ccs, a
Standard
i Deviation 26
_3. <o
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LAppendix A Table 20
FILLING LINZR TLREGET
RDX/TNT 60/L40 Material: luninium R.H. iRIOWR
Cone Angle: 45
tall thickness: 0.940 inches
Round No. | P65 P66 P67 P68 P116 '
Blss ’ ilean liean
Nos 32,33 32,33 32533 32433 33,46 Hole | Residual
: Diam Volume
——p————t ——— Y z ins. ces.
Depth of Resi Resid ResiA { Resi} Resi
Pnetration | Holel dual § Holejdual} Holejdual Holalj' dualfHoley dual
Diamj Vol. ] Diam]Vol.} DiamjVol. | Di Vol.§Diaid Vol.
Ins. {mms,.| ins.}ccs. ] ins.]ces. ins?rccs. ins.f ccs.}ins.§ ces.
Crater: 220 226 217 228 209 220
0 011.5 1205 1.7 1209 1.9 2oy |1.7421511.84198 | 1.7 206
1 25 1.5 1183 ] 13 $£183 1 1.3 (P77 1.5 1182 11.3 4176 1.4 180
2 51 1.6 1143 1.5 1153 | 1.5 Y5 1.6 J1u5 1.6 138 | 1.6 145
5 76 11.4 3113 1.4 125 1.4 1117 1.5 F 196 |1.4 §943 1.k 117
L 102 §1.3 | A 1.4 1100 1.3 1 96 1.1 92 (1.4} 86 1.4 93
5 127 1401 73 11.L 378 1.5 170 %1.58% 70 {14 ¥ 59 arly 70
6 152 114 | 35 | 1.5 § 4i Tady B35 S5l 30003 4 35 it 35
7 178 1.0 k 15 1o 21 1,0 ¥ 16 #1.0°3 14 (101 12 §1.0 16
8 |203 3 | 0.7 9 lo.g | 6 L lo.8F 3 5
9 228 0 0 0 0 0
o S = ISR S 15 !
Total liean Total
Denth of 8.4 8.8 8.6 8.4 8.6 Depth ins. 8.6
etration e B
Inches Standard
Deviation 0.17
SR = 2 et
‘Total }ean
Volune 220 226 217 228 209 Volume ccs. 220
ccs. —
Standard
! Deviation 7.6
K f I, RN | SRR |
i
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Appendix A Table 21

FILIING LINIR T.RCIT
RD../TNT 60/40 Material: Aluminium R.E. ZRIOUR
Cone Angles ’(5-0
t.all thickness: 0.300 inches
Round No. P137 P138 P139 P140 P11
Plat o e . e o
o Lol 55, 5 55, 5k 55,54 155,54 psind B
Diam Volune
e —— = ins. ccs.
Depth of Resgi4 Resi- Resi— Resit Resi—
Fenetration | Hole] dual | Holel dual § Holel dual | Hole]l dual {Holeg dual
— -4 Diam§ Vol. | Diam} Vol. | Diam} Vol. | Diand Vol.{Diam Vol.
Ins. jmms.|{ins.] ccs,} ins.{ccs. | ins.} ccs. | ins.} cecs. jins.} ces.
Crater: 672 672 653 656 710 675
0 0 3.5 {607 Fa6 11607 ek} 602 3.5 1605 3.4 § 646 5 614
1 25 13.0 | 481 3.0 | 481 3.0 | 482 3.0 1494 }2.8 § 522 B0, 492
2 51 2.6 | 388 2.5 | 387 2.3 | 401 2.5 1407 12.7 § 423 25 L01
3 76 12.6 } 304 249 1510 horl JESB2 2.3 {336 12.6 } 337 265 324
L 102 2.5 223 2.5 1235 2.4 | 265 2.2 1274 12.7 § 244 2.45 2,8
5 127 12.5 134 2.5 1153 2.3 1191 2.4 199 2.6 {153 2.45 166
6 152 2.2 61 2.3 T4 2.3 1119 2. 2126 You5 76 2.35 91
7 178 {1.4 7 5.5 10 1.9 50 1.9 60 }1.6 11 1.65 28
8 203 0 0 1.6 11 1.8 16 0
9 228 0 0
Total Mean Total
Depth of T.4 T.5 8.6 SxB ) Depth ins. 8.0
Fen etratim
Inches Standard
Deviation 0.66
Total lMean
Volume 672 672 653 666 710 Volume ccs. 675
ccs. "
Standard
Deviation 21.2
ABD=
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Appendix A  Table 22
FILLING LINER TARGET
RDX/TNT 60/L0 Material: Aluminium R.H. ARMOUR
Cone Angle : 750
Wall thickness: 0.470 inches
e Tt o e —— ————
. lound No. P59 P60 P69 P70 117
s - s PR
Plate {- lean Mean
Nos. 52,33 e 25 22535 52,33 33,16 Hole Residual
. Y . ! D}aT Volume
Depth of Resi- Resi- Resi Resi Resi§ *U°* EeEs
netration jHolel dual | Holef dual | Holel dual} Hole] dual}Hole|dual
! Diam Vol. } Diam]Vol. | Diam Vol.} Diamj Vol.}|Diam|Vol.
Ins. [ mms.fins.jcecs. | ins.jccs. | ins.} ccs. | ins.| ccs.{ins.|ccs,
Crater: | 507 507 518 506 BLT LST
0 0 83.0 §430 $1 2.8 {LLO | 2.8 145K ¥ 2.7 I 437 {2.7 juo5 § 2.8 L33
1 25 12.5 1332 | 2.4 §352 | 2.4.1368 § 2.4 1357 (2.1 {325 § 2.4 347
2 51 §2.1 271 2.2 1292 2.2 1268 | 2.2 | 300 |2.0 [270 | 2.1 286
i 76 42.0 §211 2.1 1232 2.1 1238 | 2.1 1236 12.0 215 % 2.1 226
L 102 11.9 3156 | 2.1 171 2,1 1185 1 2.0 } 185 {2.0 j160 } 2.0 171
5 127 12.0 }105 | 2.0 |117 (2.1 133 } 2.0 |125 1.9 }109 } 2.0 16
6 152 ;2.& 11 2ige] L7 (2.1 56 3 2s5 | 56 ez " L5 §e.2 L9
7 178 10.6 o |o.8 9 11.2 0 ]0.9 0 {1.0 0 0.9
5 [ - ’
Total { liean Total
Depth of | 6.9 7.0 7.1 7.0 Mol Depth ins. 7.0
Penetratim | -4
Inches Standard
Deviation 0.09
d | {5 WO [
Total Noao
=
s 507 507 Cillle 506 LLT Yolume ccs. L97
ccs. Standard
Deviation 28
E
~33-
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Appendix A Table 23
LINER TARGET
Materials Aluminium R.H. ARMOUR

Cone Angle:

o
Wall thickness:

0.940 inches

SECRET DISCREET

Round No. | P61 P62 L P P72 fp118
= lean Mean
Flate Nos. [32,33 32,53 |32,33  |32,33  [33,46 vl [evve’
R _ oo Diam Volume
i ins. ces.
Depth of Resi- Resi- Resi- ResiA I Resi-
Peretmtion {Hole{dual } Holejdual | Hole{dual ; Hole{dual {Hole! dual
Diam|Vol., { Diam{Vol. |Diam}Vol. |Diam|Vol. |Diamf Vol.
Ins., jmms. {ins.{ces. | ins.|ces. }ins.|cces ins.|ccs. lins.} ces.
Crater: 172 205 170 192 185 185
i i - =
0 o 1.7 1142 2.1 T2 1.6 1140 1.7 1160 _1.4 138 Tl 150
1 25 .5 118 1.5 }132 1.2 1115 1.2 1139 1.1} 117 e 124
2 51 1.3 95 1.3 1107 1.2 96 1.3 J 146 fls3 al 143 102
3 76 1.3 17 1557 83 1.2 80 1.3 98 1.2 72 i3 82
N 102 (1.4 5L leb-k 58 {71 61 il 78t A2 55 T 61
{5 127 1.4 32 155 38 ([ L2 1.4 5Bk 2 3L 1.4 L0
6 152 8 M L 2 illat5 5 156 1erly 5 1.4 L
7 178 0 0 0 0 0
Total i Mean Total
Depth of 6.2 6.1 B> b2 6.3 Depth ins. 6.2
Penetration
Inches Standord
Deviation 0.09
Total § Mean
Volume 172 205 170 162 17 Volume cecs. 185
ccs.
Standzrd
Deviation 15.7
<l
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Appendix A Table 24
JLLLG LINR TARGLT
ALK/THT GO/AO Materials Aluginium R.H. SRIOUR
Cone Anyle: 100
vall thickness: 0.940 inches
Round No. | PLT PL8 P73 | P74 { P119
T Mean Mean
Tlate Nos. 19 19 32 32 25 Hole | Residual
Diam Volume
= . ) . ins. ces.
Depth of Resi- {Resi- Resi-— Resi4  Resi-
Enetration | Holejdual | Holejdual {Hole|dual | Holejdual JHole, dual
: -d Diam}Vol., | Diamt{Vol. | Diam{Vol. | Diam}Vol. {Diam! Vol.
Ins. imms.fins.|ces. | ins.{ces. {ins.|ces. ] ins.}cces. jins.{ ccs.
— .JF -1
Crater: 1675 150 164 184 150 165
g ML ———
0 011.7 {130 1,6 104 1.6 1118 e 12T g6 0105 1.6 117
1 25, 1 e 30105 15555 77 PR 92 a3 o2 |12 85 (%) 92
2 51 11.5 80 1.4 56 1.4 78 lhers) 77 1.2 65 1.4 71
3 | 16fta ) 55 |1.5133 [1.5] 50 f1.5) wy |ron] ut 1.5 L5
L 102 11.4 25 2 5 .5 28 i3 1 1.4 19 sty 18
5 [127 0 0 0 0 0
fae o - - - Jr—
Total lean Total
Pepth of Depth ins. 4.7
Faetration 4.8 biad L 4.8 4.8
Inches Standard
Deviation 0,22
Total Mean
Volume 115 15¢ 164 18L 150 Volume ccs. 165
ey Standard
Deviation 15.1
: t
-35-
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Appendix B  Table 1
ROLLED HOMOGENOUS ARMOUR

TARGET PLATE PHYSICAL PARAMETERS

| Plate |Thickness Yield U.T.8S, Llong | Area B.H.N.‘ Tzod
No. mm Tons/sq.in. | Tons/sq.in. i Red?ct. ft. 1be
19 150 ) Gt 2L.0 | 60.6 - 67,68,68
20 150 W2 57.2 23.0 | 61.7 - 70,71,70
21 60 50.4 L 21.0 | 60.4 262 19, 72572
29 60 46.8 55.2 22.0| 62.8 | 255 |68,70,70
23 60 544 62.0 20.01 58.0 285 68,69, 68
2l 150 46.5 57.8 25.0 | 60.4 ~ 69,69,70
25 150 46.0 56.5 24.0} 59.8 - Ths 73573
26 60 Bieels. 60.8 21.0| 60.4 277 69,70, 70

l 2l 60 . 54.8 61,2 19.51 59.2 277 70,69, 71
28 60 5.8 62.8 20.0 | 58.0 285 61,63,62
29 60 50.0 58.4 21.0| 60.4 269 60,61,58

i 30 60 52.4 60.8 23.0| 59.2 | 277 7257270
31 60 58.8 60.4 22.01 59.2 277 66,68,68
32 150 L8.3 585 24.0{ 58.6 - 67,66,66
95 150 45.5 56.0 25.0 1 63.0 = Thy 7Ly T3
L6 150 47.8 58.0 25.0| 61.7 - 70,70, 72
L7 60 54.0 62.0 21504 59.2 285 Tt s
53 60 49.6 57.2 22.0} 62.8 262 72,73, 73
54 150 46.8 57.0 24.0F 61.1 - 66,66,66
55 150 47.5 58.0 22.0§ 59.8 = 18, 72,52
56
57
58 150 48.5 58.0 24.0 6l T 271 TS5 o5 16
59 150 L7.5 56.5 23.5} 64.2 269 155 Thys 75
60 60 55.2 63.2 18.5 ] 58.0 293 66,65,66
61 60 50.4 58.8 20,0} 59.2 269 70,69, 71

i ‘ -
~36-
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Appendix B Table 2
ROLLED HOMOGENOUS ARMOUR
TARGET PLATE CHEMICAL COMPOSITIONS

Plate C i S P Mn Ni Cr Mo
No. % % 7 % % % % %
19 0.29 0.20 0.010 0.017 0.55 0.22 3,23 Q.55
20 0. 27 0.25 0.012 0.012 0.59 0.30 5a35 0.55
21 0.28 0.28 0.015 0.018 0.58 0.52 1.53 0.355
22 8.30 s 0.020 0.018 0.56 0.56 1.47 0%
23 Ba 73 O3 0.017 0.013 0.66 0.56 1.51 Q.40
2l 0.30 0.22 0.011 0.013 0.60 0.19 3.20 0.54
25 0.27 0.25 0.012 0.012 0.59 0.30 3.35 0.55
26 0.29 0.49 0.016 0.016 0.63 0.58 1.54 0.40
27 0.30 0.47 0.015 0.016 0.62 0.56 1.51 0.36
28 0.30 Qs 37 0.013 0.013 0.64 0.56 1.48 0.36
29 0.32 0.41 0.018 0.014 0.69 0.54 1.54 0.41
30 0.33 0.45 0.016 0.010 0.65 0.61 1.56 0.36
31 0.29 0.40 0.015 0.019 0.57 0.51 1.43 0.38
32 0.27 0.28 0.016 0.014 0.55 0.18 Daret 0.58
55 0.30 0.27 0.012 0.020 0.57 0.19 3.40 0.51
L6 0.30 0.22 0.011 0.013 0.60 0.19 3.20 0.54
L7 0.29 0.40 0.015 0.019 0.57 0.51 1.43 0.38
53 0.28 0.28 0.015 0.018 0.58 0.52 155 0.35
5. O=27 0.28 0.016 0.014 0.55 0.18 3.21 0.58
55 0.30 0.22 0.011 0.013 0.60 0.19 3.20 0.54
56

57 . .
58 0.26 0.20 0.010 0.015 0.60 0.14 3.40 0.53
59 0.29 0.25 0.014 0.016 0.60 0.12 3.29 0.54
60 B33 0.43 0T 0.013 0.66 0.56 1.51 0.40 §
61 0.30 0.47 0.015 ! 0.016 0.62 0.56 1.51 0.36 ;

)
-37=
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Appendix C Table 1

FILTING LIN.R I RGLT
RDX/THT 60/AO Material: Steel MILD STZEL
Cone iAngle. 5
Bl .all thiclness: 0,160 inches .
Round No. P1 ' PP i P3 [ D6 | ' p
i !
L - T llean | lMean
Plate Nos.|1,2,3, liz.5 18,5 im0l Hole § Residual
k=5 6 L5565 Y B L5516 : Diam Volume
T ins. ces.
SRl e - e -'_ s S - ——
Depth of Resi- Resi-] iResiH ResiA lResi—
Penetratian {Holej dual | Holejdual Holeidual Holejdual jHolel dual
Diam{Vol. {Diam{Vol. { DiamiVol. { Diam}{Vol. {Diamf Vol.
Ins. |mms.}ins.{cecs. | ins.iccs. | ins.}ccs. | ins.ices. {ins.| ccs.,
Crater: 1088 1024 993 946 1013
- il _
0 g {5:1 010 || 3.2 1962 3.2 1925 3.1 1871 Baie g2
1 25 12.9 | 898 2.8 {845 2.9 1808 3.0 i T51 2.9 826
2 51 §2.8 802 2.7 | 745 2.5 {720 2.7 (6L s 728
3 76 12.5 |690 2.6 1655 2.6 {621 2.2 1580 2.5 631
L 102 §2.5 603 2.5 1548 2.6 542 2.4 1511 25 555
5 127 2.2 487 2.1 | 439 2.8 1425 2.2 {u18 2.2 LL?2
6 152 §2.2 (432 24l 1581 2.5 1366 & 2,2 13557 2. 384
7 178 31.9 {323 }2.1 |299 |2.0 {268 | 2.0 {284 8.8 294
8 203 1.8 j276 1.7 1259 1.8 218 1.7 3245 1.8 249
9 228 1.8 {228 1.9 1217 1.8 181 1.8 1197 1.8 206
10 254 1.4 1146 1aS) iy 1 T 116595 15 4157 1l 145
11 279 KM.6 |118 1.6 {116 1.7 1100 1.5 1132 1.6 lilérd
12 04 PN.4 89 1.6 87 1%5 1 1.4 31101 i 145 87
i 336 B3 1 3 (s34 300 194 125 113 | 58 1.3 ol
14 5501 .2 15 /) 150 12 1.3 36 1.2 18
15 981 B 0 0 0 Ther2 1L
16 L06 0
Total
_ liean Total
Depth of 1540 146 1.0 15.8 :
et Depth ins. 15.0
thches Standard
Deviation 0.61
;;;;;;-h-‘.d 1088‘— 1024 7'-—-;££;*-"--"-1;;;_----'n-mr'—Nean
Volune | Volume ccs. 1013
ccs. , = o
Standard
i { Deviation 59 |
_3 8-
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appendix C  Table 2
SITLANG LINR LolCLT

DE/THT 60/40 Material. Steel HITD STIEL
Cone Angle: 100°
Wall thiclkmess: 0,160

Round No. | P17 i P18 I P19 i P20 | Pef ‘
s s Mean Mean
Plate Nos.}12,13,14 2, 15 Ml 18, 15510 12,13, 1 §12,13,14 Hole i
= Residual
15916,17 12916,17 12,16,17 12,16,17 15, 16517 D?am Vol uga
. £ e : ___1 ins. ccs.
Depth of {Resi- Resi- {Resi Resid | Resid
Tenctration | Holef dual | Hole| dual { Holeldual { Hole} dual {Holg dual
smwmmme—==— I Diam{ Vol. { Diam{Vol. {DiamjVol. } Diamj Vol. {Diam Vol.
Ins. {mms.!ins.lccs. § ins.lcecs. jins.yces. | ins.} ces. lins.} cecs.
Crater: 1234 1282 1281 1184 1288 1260
0 01}2.6 1163} 2.7 }1176 {2.8 |1192 §2.9 {1085({3.0] 1170 | 2.8 1S
1 25 {2.9 {1052} 2.9 1092 :2.9 1072 1 2.8 1980 3.0} 10601 2.9 1051
2 51 12.7 1955 2.7 1985 2.7 1971 2.9 1880 [|3.01{ 942 2118 oL7
5 76 2.7 {1843 {2.7 4853 12.7 |863 §2.4 {777 12.9( 792 | 2.7 826
L 102 { 2.7 1754 2.8 {45 2.9 {766 2.7 1651 2.9} 68y 2.8 728
5 127 1 2.5 |621 2.5 1613 2.4 |631 2.5 1560 32.5 1 554 2 595
6 152 12.5 |543 2.5 1530 2.5 |551 2.5 1481 {2.71 468 2.55 5ﬁ5
7] 178 12.1 {412 2.3 13%0 2.3 1393 2.3 1363 12.41 330 295 3178
8 203 | 2.6 1336 }2.6 |312 }2.7 {309 |2.6 |290 |2.3] 262 | 2. 302
9 228 12,1 l210 1.8 1165 2.1 [166 2.1 1148 [1.71 120 2 162
10 254 1.4 [172 1.5 £435 1.8 127 1.6 1109 1.5 90 1.6 127
11 3279 11,4 86 1] 36 1.4 76 il 7. 52 1.5 23 k5% 55
117 30 1146 57 153 0 1.8 L3 15 27 10.8 0 ety 25
{5 330 (0.7 4 0 0 0
........ T ‘ Mean Total
Total o :
Depth of 13,0 12,2 12,7 12,4 12,0 | Depth ins. 12.5
Penetration
Standard
aches Deviation 0.4
Total Ilean
Volume 1255 lizge 1281 1184 1238 Volume ccs. 1260
ccs. -
Standard
Deviation 51
58
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Appendix C€C Table 3

FILLING LINER TARGET
RDX/TNT 60/1,0 Material: Aluminium MILD STEEL
Cone Angle: L5°
Wall thickness: 0.940 inches

Round No. P7 | 8 | 9 P13 P,
]
} .
Plate Nos.{4,5,6, T, . B 8,9, 10, 8,9,10, lean lean
7516 o S 7,18 11,12,13, 111,12,13, | Hole | Residual
14 14 Diam Volume
4§ ins. ccs.
Depth of Resi- Resi- ResiH | Resi- :Resi
Rnetration 1Hole} dual | Holetdual ! Holejdual | Hole| dual |Holejdual
c—e=——r— ¢ Dian} Vol. | Diam§Vol., | Diam{Vol. | Diamj Vol. Diam,Vol.
Ins. jmms.{ins.|ccs. | ins.jccs. {ins.lccs. | ins.l ccs. 1ins, CNS.
Crater: 382 336 399 382 568 35
S S o
0 0 11.8 !363 1.8 520 1.7 {380 1.8 4 366 1.8 | 356 1.8 357
1 25 1.6 1337 1.5 f295 |1.6 1349 {1.5{337 {1.5 {331 |1.55 330
2 51 2.1 272 240 3253 2.2 {304 1.8 1293 {1.8 1288 2.0 282
3 76 {1.8 j212 1.7 {200 1.8 1229 1.8 1248 1.8 {240 1.8 226
L 102 1.6 {172 1.6 j15L 1.6 1188 1.6 {203 1.7 198 1.6 183
5 d2q 3T F135 1.6 HM2u 1.7 3155 1.9 1164 1.6 160 1.6 148
6 152 11.5 1101 1.4 89 1.6 3117 I8 5155 (1.5 150 1.5 114
7 K8 .2 16 1.3 62 1.5 1 86 152 9% 1.3 91 i1%:% 83
8 203 11.2 57 1.2 | 45 13 71 .48 73 {1.3 69 1.3 63
S 228 11,0 | 42 1.0 28 1.2 | 43 1.0} 43 1.0} 50 1.05 L1
10 254 0.9 25 }0.8 1, 0.9 30 1.0 33 0.9 3L {0.9 27
11 279 11.0 18 10.7 5 {1510, 20 10.9 13 0.8 17 0.9 15
12 304 10.5 0 0.6 ] 1412 3 10.7 0 1.0 3 (0.8 2
L&) 330 0 0 0
Total "
Depth of 12.1 12,3 12,2 12,1 12,p |Mlean Total
Eeeeation Depth ins. 12.2
Hiches Standard
Deviation 0.09
Total 8 ' 'ean
Volune 382 536 599 382 368 Volume ccs. 375
cecs. ————— e
Standard
iDevigtion 23.6
i
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Appendix C Rable 4
FILLING LINER TARGET

RDX/TNT 60/40 Material: Aluminium MILD STEEL
Cone Angle : 75°
Wall thickness : 0,940 inches

Round No. | Pi P5 P15 P16 |
- - T — Mean | Tean
Plate Nos. 1,2,3, l92,3, ?%9;;09 ?%9120, Hole Residual
— e Diam Volume
ins. ccs.
Depth of Resij Resgi~- IResi— Resi~ Resi-
Penetration { Holetdual | Hole|l dual } Hole|dual | Hole}dual Hole}dual
= ‘I Diam}Vol, { Diam}{Vol. | Diam|Vol. | Diam}Vol. Diam|Vol.
Ins. lmms. ins.fcecs. } ins.}cecs. | ins.fcecs. {ins.icecs. Hns.|cces.
- i - —
Crater: 361 320 328 985 336
0 013.51339 |3.41276 |3.4 [294 3.5 |295 3.55 301
1 25 {1.7 } 223 1.5 1194 1.6 233 1.6 228 1.6 220
2 51 11.2 1193 1.1 1174 1.3 1208 1.3 {205 1.2 195
3 76 Fla5 1152 1.6 Y140 1.6 {171 1% 6T 1155 158
L 102 {1.5 123 1.4 1111 1.5 1145 1.5 138 1.5 129
5 127 11.4 8l 1., ] 76 1.3 1111 1.3 1102 135 03
6 152 §1.4 58 13 55 1.4 87 iz, 3 79 (%%5)5 70
7 178 11.1 27 1.1 30 i3 s L5 ilifer2 INA 1.2 37
8 203 §1.2 6 .52 12 1.4 20 el 20 i3 15
9 228 0 0 0 0
Total Yean Total
Depth of 8.5 8.8 85 8.7 Depth ins. 8.6
Rretmtim
Inches Standard
Deviation 0.22
Total llean ’
Volume L 520 328 535 Volume cecs. 336
ces. =
Standard
Deviation 17.8
-
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Appendix C Table 5
FILLING LINER TARGET
RDX/TNT 60/40 Material: Aluminium MILD STEEL
Cone Angle: 100°
Wall thicknesse: 0,940 inches
N S e e
Round No. i P10 i P11 P12 i
=L . SN RS SR SE——
2late Nos.{4,5,6 lig 5 L1546 : { llean Mean
;Hole Residual
R A N = e——— pomee ;Diam Volune
Depth of ' Resi- Resi- iResi- Resi+ iResi~l ins. ces,
Rnetration Holegdual Holel dual } Holejdual | Holejdual {Hole; dual
s “i{Diam! Vol, | DiamjVol. | DiamiVol. { DiamiVol. |Diami Vol.
Ins. | mms. ins.?ccs. ins.{ccs. {ins.{ccs. | ins.|ccs, [ins.| ccs.
e ;— ——--Jw - -—:‘;~- —1’..- - - —1— - ——— o e ] e —— e V— lir.--l’- dr— . ——— - — -—[-
Crater: k299 286 321 302
- e ——— i -1—- ,II T —— -
0 0142.2 1225 |2.0 1213 |2.1 {218 2.1 229
1 25 1.2 1195 105 183 1.3 {214 1.2 107
2 B ¥l {176 1: 3 |62 1.5 {188 1y 175
3 76 11.6 1141 1.6 1132 155 1155 1.6 142
L 102 12.3 8o 2.3 1 T2 2455 13 2aly 15
5 127 1.7 28 . 22 il 22 ] 2L
6 {520 i M. 5 0O (0.6 0
7 178 0
= R 13 AT (e oy
Total lean Total
Desth of 6.3 5.9 5.1 Depth ins. 6.1
Penetration 3
Inches Standard
Deviation -
s e = o
32;3;8 259 286 301 Mean
¥ Volume ccs. 302
ces. T
: Standard
i Deviation -
| I J e e e e e i e oy sl e e
ali B

SECRET DISCREET



SECRET-DISCREET

Appendix D Table 1
MILD STEEL

TARGET PLATE PHYSICAL PARAMETERS

Plate | Thickness | Yield U.T.S. | Elong.| Avea
No. ins. Tons/sq.in. Tons/sq.in. 70 Reduct. | B.H.N. Izod
% i T
1 2 15.2 2T 39 61 116 1 L44,36,52
2 2 4.3 27.2 38 63 116 | 56,54, 54
5 2 1.6 27.9 39 61 108 | 45,41,37
4 3 4.7 25.4 40 64 118 | 36,47,39
5 3 15T 28.0 38 60 131 }38,39,36
6 3 11.9 26.6 39 58 113 | 41,35,40
i 3 1.2 26.6 L0 63 119 151,52,35
8 2 1.6 28.5 38 58 124 {27,40,32
9 2 150 276 39 60 130 Rt bl li2
10 2] 15.8 29.0 38 59 131 }33,29,30
1 2 1.9 29.8 36 56 120 }26,28,30
ie 2 12.5 2,2 38 59 125 1| 30,35, 57
13 2 .l 27.6 39 62 119 1 37,40,46
14 2 15.6 27.8 39 62 115 143,45,37
15 2 12.0 2841 37 57 124 | 36,28,26
16 2 15.1 28.0 38 61 123 {44,41,47
T 2 1552 27.6 38 60 116 |40,58,42
18 3 12:h 28.8 38 61 124 {35,34,36
f |
~45-
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Appendix D Table 2
MILD STEEL

TARGET PLATE CHEMICAL COMPOSITIONS

Plate ‘

. K Siy M| Wi Cr Mo v Cu Al
e % P P % '/‘Z 7 Ve 79

1 0.14 0.07 | 0.61 {0.031 0.02 {%0.01 {<0.01 { 0.07 }<0.005
2 0.19 }0.08 } 0.66 § 0.04} 0.02 b v | 0.07 | <0.005
3 0.17 10.08 ] 0.66 § 0.05¢ 0.02 B L 0.07 {<0.005
L 0.14 [0.08 { 0.5210.07§ 0.01 L " 0.11 0.015
5 0.17 j0.07 | 0.61 f0.19¢ 0.03 §| " 10,26 {<0.005
6 0.17 10.10 ] 0.59 £ 0.05} 0.06 P " {0.07 { 0.015
7 0.19 |0.05 } 0.62 #0.05{ 0.02 " " 0.07 { 0.015
8 0.22 10.06 | 0.60 § 0.05}<0.01 L v | 0.15 § 0.010
9 0.20 |0.07 | 0.67 {0.03: 0.01 § " " | 0.12 | 0.005
10 0.19 10.09 o.78! 0.06] 0.02 | " v 1 0,11 | <0.005
11 0.21 {0.06 |0.67 l0.05! 0.01 & ® " | 0.07 | 0.005
12 0.22 10.05 }0.58 !o.os<o.o1 " n 1 0.15 { €0.005
13 0.19 10.07 }0.66 50.05 0.01 " " | 0.09 { 0.005
11, 0.19 {0.08 {0.60 } 0.06] 0.01 L w1 0,10 | €0.005
15 0.22 {0.10 }0.58 !o.os 0.01 " n 1 0.12 | 0.015
16 0.17 }0.06 {0.60 %o.ou 0.03 { " " 0.07 | <0.005
17 0.18 §0.09 }0.66 §0.05f 0.02 w3 " | 0.08 | 0.005
18 0.15 }0.10 }0.58 {0.05} 0.02 R m ! 0,07 | 0.005

s e
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FIG. |

=>3——No .8 BRISKA DETONATOR
——ANNULAR TETRYL PELLET IXID
WOODEN LOCATOR

|

TUBE LENGTHS
[2-44 FOR 45° CONES
I1-36 FOR 75° CONES
1091 FOR 100° CONES

(6 LB OF RDX/TNT 60/40

!E MILD STEEL TUBE

STANDOFF - 9 INCHES

\

~=—4+—— TARGET PLATES

\
| \

DIMS IN INCHES
FIG.| SCHEMATIC DIAGRAM OF CHARGE AND TARGET LAYOUT
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FIG. 3 RADIOGRAPH OF CHARGE
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SECRET DISCREET FIG. 4

FIG.4 SEMI-INFINITE TARGET SHOWING CHARGE AND STAND
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MATERIAL

CONE ANGLE
WALL THICKNESS
FILLING

TARGET

STANDOFF |5 CONE DIA
ENTRY OIA (IN.) 3-1

COPPER

45°

0-140 IN.

RDX /TNT 60/40
RH ARMOUR

2-0 CONE DIA

2-9

FIGS. 7(a) ano 7()

[ Al I
13
16
19
A K12 S0 112
{15
{18
12l
124
“ J J21
lsom.
FIG. 7(a) EFFECT OF STANDOFF ON CRATER PROFILE
MATERIAL COPPER
CONE ANGLE 75°
WALL THICKNESS  0-140 IN.
STANDOFF I'S CONE DIA
TARGET RH ARMOUR
FILLING  RDX/TNT 60/40 PE
ENTRY DIA (IN.) 3-0 2:6 -
13
16
19
A1H!3 113 412
| {15
‘ J Ji8iN.

FIG.7 (b) EFFECT OF EXPLOSIVE FILLING ON CRATER PROFILE
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CRATER DIAMETER — INCHES
2t
4
' N
‘..
RANGE OF VALUES OF DIAMETER
& MEASURED BY CALIPERS
» RANGE OF VALUES OF DIAMETER
S DERIVED FROM VOLUME
£ nl.— MEASUREMENTS
| INTERFACE BETWEEN TARGET
; PLATES
14}
" i
-
(7Y
= DETAILS OF CHARGE
a.
N 16 - MATERIAL  COPPER
S |- CONE ANGLE  45°
x ; WALL THICKNESS 0-140 INCHES
= 18} '
bt i
e |
B e ]
]
]
20 |
22t
24L-—

FIG. 13 COMPARISON OF CRATER DIAMETERS MEASURED BY
CALIPERS AT IINCH INTERVALS OF PENETRATION WITH
VALUES OF CRATER DIAMETER DERIVED FROM
MEASUREMENTS OF CRATER VOLUME AT 3 INCH

INTERVALS OF PENETRATION
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Tt is intended for the use of the recipient only, and for communication to such officers
under him as may require to be acquainted with its contents in the course of their duties.
The officers exercising this power of communication are responsible that such information
is imparted with due caution and reserve. Any person other than the authorised holder,
upon obtaining possession of this document, by finding or otherwise, should forward it
together with his name and address in a closed envelope to; —

THE SECRETARY, THE WAR OFFICE, WHITEHALL, LONDON, S.W.1.
Letter postage need not be prepaid, other postage will be refunded. All persons are

hereby warned that the unauthorised retention or destruction of this document is an offence
against the Official Secrets Acts.

2, /7/




Lafocmication Cepire

Foonen feede Somv scos
[dstl] Forron Doy
Serfrbn

il

NP
20606218

Folt (HYNEA AT S
P i aNt-fi f 3970

Defense Technical Information Center (DTIC)
8725 John J. Kingman Road, Suit 0944

Fort Belvoir, VA 22060-6218

U.SA.

AD#:. AD329302
Date of Search: 11 December 2008

Record Summary: DEFE 15/1962
Title: Basic studies of lethality of shaped charges: part 1
Availability Open Document, Open Description, Normal Closure before FOI Act: 30 years
Former reference (Department) Memorandum (MX) 15/62
Held by The National Archives, Kew

This document is now available at the National Archives, Kew, Surrey, United
Kingdom.

DTIC has checked the National Archives Catalogue website
(http://iwww.nationalarchives.gov.uk) and found the document is available and
releasable to the public.

Access to UK public records is governed by statute, namely the Public
Records Act, 1958, and the Public Records Act, 1967.

The document has been released under the 30 year rule.

(The vast majority of records selected for permanent preservation are made
available to the public when they are 30 years old. This is commonly referred
to as the 30 year rule and was established by the Public Records Act of
1967).

This document may be treated as UNLIMITED.



