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when subjcet to Gunfire
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by

T, L. Hughes, B.Sc.(BEng.)

R..4.E. Ref: M.B3./B3/9018/TIH .

SULMARY

This Note describes the progress of work on an inwvestigation into
the liability to "shatter" of high-strength light-alloy shecet materials
when demaged by gunfirc. Examination has been made of the physical
vropertics and shattcer charactcristics of sheets of threc thicknesses to
British Specification D.T.D.687 and to the equivalent U.S. Specification
AN-4-10(b) - referred to as 75 ST = as produced by four differcnt
manufacturcrs.

It was found that, undcr somc conditions of attack, a small proportion
of the samples of D.T.D.687 sheet - but not of 75 ST shect = were lisble
to widcsprecad failurc by "shatter", and that a larger proportion, including
both D.T.D.687 end 75 ST spccimens, failed by splitting. The causes of
the "shatter" phcnomena arc not yct known.

To avoid the inadvertent introduction, in the future, of high-strength
light-alloy materials having more serious and completely unacceptable
"shatter" characteristics, it is considered important to continue the
investigation, with both sheet and extrusions, to establish the features
responsible for the "shatter" effects. Further experimental work is
planncd, in particular to investigate the influence of certain of the
chemical constituents on the "shatter" and splitting characteristics.
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Intro duction

The investigation described in this Note was initiated early in 1951,
following Americen reports that structures in high-strength light-alloy
sheet material, (type 75 ST) had failed by shatter when subjected to
the blast from high-cxplosive charges. In addition there was limited
evidence that the impact of a 20 mm.solid shot on an unstressed plate of
the same material had also caused shatter.

As the British high-strength light-alloy sheet to Specification
D.T.D.637 is broadly similar to the American 75 ST sheet (see Appendix I)
and is being uscd increasingly in lLilitary aJ.rcrai‘t, it was importent to
cstablish whether, and to what extent, a hazard due to shatter was
introducecd thc,rcby.

Very limited preliminary trials were madu;l while arrangements were
in hand to obtain large quantities of materiel for a comprehensive investi-
gation into the problcm of "shatter". The progress and results, to date,
of the comprchensive investigation arc rccorded in this Note.

2 Range of lMaterials Tested

Samples of high-strength light-alloy sheet to the British Specification
D.T.D.687, and/or to the Americen Spccification iN-A-10(b) (Cled 75 sT -
scc Appendix I for dctails) werc obtained from the following sources:-

The Northern L\.lumlnlwn Co. Ltd. and Messrs. James Booth and Co. ILitd.
both supplied typical production sheets to Spec:.f‘:.cat:.on D.T.D.687, in
16 SJM.G. (0.064 in.), 1Q S..G. (0,128 in.) and 3/16 in. thicknesses.

The British Aluminium Co. Ltd. supplied sheets to Specifications
D.T.D.687 and AN-£-10(b) in 16 S.¥.G., 10 S.W.G. and 3/16 in. thicknesses,
cach in three types - differing in analys:.s but within the Specifiication
limits - such that,

Type A had mechanical properties just sa‘clsﬁrmg the minimum
requircments of the Specification,

Type B possesscd mechanical properties typical of normal production
sheet, = '

and Type C possesscd the highest proof stress and ultimate tensile stress
valuc obtainable by increasing the alloying clements to the maximum
permitted by the Specification or to the maximum allowable for production
rcasonse.

In addition, cach type was supplied in two groups, differing slightly
in thec planishing and precipitation treatment. _

Sheets of 75 ST, of American menufacture, in 16 S.W.G. and
10 S.7.G. thicknesses, were obtained from Whitechead Metals Inc.,.UsSsA.

Details of the analyses:, manufacturing processes and mechanical
properties of the specimens are given in Appendix IT.

3 Trials Proccdurc and Rcsults

The trials were made in a number of stages which are detailed in
the following paragraphs:—

...)+..
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3e1 Firings against unstressed plates with 20 mm solid ammmition

For the purpose of the trials test specimens were cut 2 £t square
and clamped in a rigid frame. ZXach specimen was attacked with a single
round of 20 mm ball ammunition at its approximate centre, the anglc of
attack being 45° or 60° to the normal to the plate.

47 plates were attacked in this merner (see Table I). There was no
evidence of shatter. Typical damage is illustrated in Figs.1 to 5.

342 Firings against unstressed plates with Hispano 20 mm explosive shell
(dircct attack) ‘ o

Using the same simple arrangement as above, a number of selected
specimens werc attacked dircctly (i.c. without a "burster" plate) with
20 mm Hispeno H.E./I shell fitted with Type 254 fuze. Owing to the
relative insensitivity of the fuze, firings werc made against the thicker
gauges of plate only (angle of attack 45°).

Detailed results are recorded in Table II, and selected photographs
reproduced in Figs.6 to 8. e

~ In the 16 fii’ings made, there was no evidence of shatter, but severe
cracking occurred at the wound in one instance.

During this part of the trial, a 3/16 in. thick plate (manufactured
by the British Aluminium Co. Ltd. to Specificatiom D.T.D.687, Analysis B)
which had previously been attacked directly with a 20 mm H.E./I round,
was later subjected to the side-spray ' fragmentation and blast from the
same type of shell. Long cracks were produced in the plate (see Fig. R

3¢3 . Firings against tension stressed plates with 20 mm solid ammnition

Shaped tensile specimens, of 24" width in the test section, were
loaded in a specially designed test-rig (described in Appendix III) and
attacked, while stressed, with 20 mm ball ammunition - approximately
centrally (at the "waist" of the specimen) and normal to the plate. A
total of 102 specimens (including 3 control specimens of D.T.D.603 shoet)
were tested in this manncr, whilst loaded to various values betwecn  35):
and 85% of the specified ultimate tensile strength. The results are
recorded in Tables III, IV and V.

Two. distinct types of failure were evident, these were designated
"split" end "shatter". Typicel cxamples ere shown in Pigs.10(a) and (b)
respeetively. In no casc howcver did a platc complctely disintegrate.

Threc specimeris of 16 S.W.G., D.T.D.687 material manufactured by
the British Aluminium Co. to Analyscs C1 and C2 were attacked with
0.303 calibrc ammmition (included in Table III). In the former case
the failing load was lowcred, whilec in the latter case it appeared to
be ralmas 0 '

The results may be summarised as follows :-
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No. of Sheets:
Thickness No. of Sheets

of Sheet Attacked Shattered Split I-Ioleg.l

(a) British Aluminium Co's. D.T.D.687 sheet

3/16" 1 . 1(Type C1) ~ - 10
10 S.77.G. 15 5(} of Type C1) - 10
_ (1 of Type C2)
16 S.9.G. 19 B 9(2 of Type Bi) 10
3 of Type B2
3 of Type C1
1 of Type 02)
(b) British Aluminium Co's. 75 ST shcet
3/16" 6 - — 6
16-8:4 G -8 = b gl S
16 S.W.G. 1. - 5(4 of Type C1)

(1 of Type 02)

A, Co's. D.T.D.603 sheet; 8 of N;A. Co's.

(c) Miscellaneous (3 of! Be
D.T.D.687 sheet; 10 of J.B.& Co's. D.T.D.687 sheet;
8 of U.S.A., 75 ST sheet)
3/16" 5 = + 5
10 S.W.G. 8 - ‘ - 8
16 8.Y.G. 16 : - 10(2 of N.4.687) 6
. (4 of J.B.687)
(4 of U.S.A./75 ST)
- TOTALS 102_Attacks 6_Shattered . 24 Split . 72_Holed

Tt will be notcd that Shatter was only experienced with 6 specimens,
confined to 3/16" and 10 S.W.G. thicknesses of D.T.D.687 sheet of the
"high-strength’ type (andlyscs C1 and C2). Thesc 6 speeimens were
strcssed, variously, to between 60¢% and 85% of the ultimatc tensile
strength when attacked.

Splitting occurred with 24 of the specimens, all of 16 S.W.G.
thickness end of cach suppliers menufactures The sheets which failed by
splitting werc stressed, whon attacked, to values between 40 and 80% of
the ultimatc tonsilc strengthe :

3, Pragment firings against tension stressed plates

Using the same loading rig as before, stressed plates were attacked
with single .1/25 oz. fragments at two velocities, 2500 ft/sec and-5,200
ft/sec. Thc fragments which were of cuboidel form (approximately 0.2 in.
side) were manufactured from steel to Specification D.T.D.124 (45 tons/
sq in. Ultimate Tensile Strength).

Each fragment was inscrted in a plastic sabot of approximately g oz.
weight, and fired from an 0.5 in. calibre Browning gun. The sabot was
stopped by a stecl plate and the fragment allowed to pass on through a
small hole. The "stop plate” was completely eifcctive in only about 50%
of the tests, and the specimen sheets werc, therefore, frequently struck
by both thc fregment snd pieces of sabot.

=B
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. Firings were made normel to the plate, against 16 ‘S.W.G. American
75 ST and against 16 S.W.G. D.T.D.687 sipplied by the Worthern Aluminium
Co. Ltd., which haed split at 50 and 60 U.T.S. respectively when attacked
with 20 mm ball ammmnition. Some firings were also made against 10 S.W.G.
material to Specification D.T.D.687, Analysis €2, supplied by the British
Aluminium Co. Ltd.

The results are recorded in Teble VI and illustrated in Figs.11 and

12, . No insteance of shatter occurred, but, of 11 specimens attacked, 5
failed by splitting. ZExcept in one case, failure did not occur when a
plate was struck by a fragment alone, even when stressed to either 70

or 80% of thc U.T.S. When plates at these same stresses were holed by
pleces of sabot, in addition to the fragment, failure by splitting occurred
in every case. Where the ssbot inadvertently struck the specimen, a

doublc wound as well as a much higher impsact ecnergy were naturally involved.

3.5 Pirings against unstrcssed plates with 20 mm Mauser explosive shell
(detonation rcmotc from platci '

For these firings, Germen Meuser 20 mm H.Z./I shell, fitted with
fuze AZ.1504., were fired from a range of 35 yards, at thin "burster"
plates izo S.7.G. Dural) placcd at between 13 and 19 inchés from the test
plates (normal to the line of firc). The shell detonated consistently
two to three inches after first impact. Thesc tests simulated detonation
of a shell inside en aircraft structurc, thc plate being subjected to both
the blast load and the fragmentation from the shell.

The results of the firings are recorded in Teble VII and photogreaphs
of damaged plates are reproduced in Figs.13 to 16.

In these tests, the form of failure was somewhat different to the
simple "splitting" and "shatter" referred to in paragraph 3.3. It was
decided to retain and broaden the previously adopted categories of damage,
.as.detailed below, though it is apprecciated that further sub-division of
the forms of damagc, by the introduction of new categories, may be needed
eventually.

"Shatter": Disintegration of the specimen, or
Damage causing the plate to split into three or more
large pieces, or
Damage by fragment wounds plus multiple and widesprcad
cracking (ref. Fig.15b), or
Pragment wounds plus a full-width split and minor
cracking (ref. Fig.14a).

"Split": Failure by a single split across the plate, or
Fragment wounds plus a simple split across the specimen
(ref. Fige13c)e - - - s o2 o .
"Holed": A single wound with not more than minor edge-cracks, or
; Fragment wounds, including - in some instances = small
cracks joining pairs of wounds (ref. Tig.iib).

The results of the firings may be summerised as follows:-
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Thickness No. of Shects No. of Shcets:

of Shect Attacked | Shattored Split Holed |
3/16" 5 2(Onc B.A.687 Type C1) (I, 4.687) 2

(Onec J.B.687)
08 6 1(J.B.687) - .5(Inc. one of
D.T.D.603)

16 8.9.8, 2 1(B. 4. 687 Type G2) - 1(D.T.D.603)

TOTALS: 13 Attacks L Shattered 1 Split 8 Holed

Two sheets of D.T.D.603 material werc included in thosc firings, to

give a basis for comparisen.

although relatively fow firings have yct becn made in this perticular

serics, there is a slight indication that D.T.D.687 shect of cach of the
three thicknesscs tested is liable to shatter under this form of attack,
cven when in an unstressed statcs Two of the four sheets which shattered
were of the "high-strength" type (analyses C1 and C2). Neither of the
two D.T.D.603 sheets shattercd or split in the tosts.

]

B,

then subject to gunfirc is best shown by results of firings against

Discussion of Results

The approximatc order of susceptibility to failure of the materials

stressed plates with 20 mm solid shot. Thec materials which failed under
attack when stressed to less than 80% U,T.S. are tabulated below
(extracted from Tables III, IV and V).

liaterial Critical Stress
Region T:())rge
Thickness | iianufactured by:-| Spec. [|Analysis 7 UsTeSe Failure
No s
Failure |Failure
16 S.W.G. | liessrs., James
(0,064 in)| Booth & Co. Ltd. |D.T.D.687 - 40 40 Split
British Aluminium
Co. Ltd. D.T.D.687 c1 L3 54 Split
British Aluminium
Co. Ltd. D.T.D.687 cz 40 50 Split
British Aluminium
Go. Thas D.T.D.687 B L3 53 Split
British Aluminium
Co. 1d. D.T.D.687 B2 40 50 Split
UsSalle 75 ST - 40 50 Split
British Zluminium
Co. Litd. 75 ST c1 - 60 Split
British isluminium
Co. Itds 75 ST c2 50 80 Split
Northern Aluminium 2 3
Co. Ltd. D.T.D.687 - 60 60 Split
10 S.W.G. | British Aluminium
(@126 in.) | Co. Ltds 'D.7.D.687| 01 - 60 | shatter
British Jluminium!
Co. Ltds {D.T.D.687 c2 66 77 .. | Shatter
. 1 , T i ]
L ulLlnth unm | i
ST = Bgé?lf%d. * D.T.D,687 (& ; 70 70 | Shatter

-8 -
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It was observed during the trials that some plates, particularly in
the thicker gauges, had a tendency to flake on the exit side, when
attacked in an unstressed state with 20 mm solid shot. The extent of
flaking appearcd to bc greatest with the materials which, in other tests,
appeared most susceptible to failurc by "shatter" or "splitting" (sce
Figs.1 to 5)0

The liability of particular sheets to "shatter" or "split" was
confirmed by the firings in which Mauser 20 mm H.E./I shell were detonated
a. short distance from unstressed plate specimens. Under these conditions
some of the thicker materials failed, more particulerly those materials
which had failed, in thc thinnecr gauges,at relatively low loads, when
attacked with 20 mm solid shot.

The mechanism of failure under these conditions of attack is not
fully understood, but it is possible that the shell fragments struck when
the plates werc momentarily in a highly stressed state due to blast load-
ing from the shell.

In contrast, whoen 20 mm H.E./I shell were fired to dctonate directly
on wnstressed plates, the resulting damage was usually confined to a hole
2 to 3 in. in diameter, In these tests it is probable that the hole was
produced entirely by blast effcct, and the fragments, becing projected
forwaerd, did not strikec thc target plate.

Throughout the trials, the majority of specimens for loading were
made so that the load was applied in the direction of finel rolling,
Some firings were made against specimens loaded perpendicular to the
direction of final rolling (noted in Tables IV and V) but insufficient
firings were made to come to any definite conclusion as to the effect of
rolling direction on the strength of the sheet under attack.

The results obtained so far may be summerised as follows:=

Of 184 firings made against samples of D.T.D.687 and 75 ST sheet,
a total of 10 specimens (5%%) failed by "shatter" - none of these
was of 75 ST material of cither British or U.,S. manufacturc - and
31 specimens (17%) failed by splitting - including 11 of 75 ST
shect (6 British and 5 U.S. manufacture).

There is little evidence, so far, of any precise relationship between
the mechanical properties of the materials and their susceptibility to
failurc under gunfirc. This problam, and the effcet of variations in the
chcemical analyses, arc mattors for further investigation, and arc being
studicd both by thc Intcr=Scrviccs lictallurgical Rescarch Council and the
R.A.E.

The stresses to which the plates were subjected in some of the
trials werc generally high compared with thosc likely to be encountered
in an aircraft under normal flight conditions, and were cmploycd only
for convenicnee in comparing the propertics of the various materials.
In future trials, it is proposed that the plates shall be stressed to
not more than 30% of the ultimatc tasile stress, attacks being mede
with 20 mm Mauscr H.E./I ermunition (as described in paras3.5). The
limit of 30% U.T.Se. covers conditions in bomber and transport aircraft
structures during level flight (compercd with less then 105 U.T.S.
in fighters), though stresscs as high as 67% of the U.T.S. can be
cncountered for short periods of time in both bomber and fighter aircraft.

5 Further Development

The results obtained so far do not indicate an alarming position
regarding the collapsc, by projecctile damage, of structures in D.T .D.687

- 9 -
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alloy. Nevertheless, it is evident that widespread failure can occur
by "shatter" in some circumstances, and with some particular forms of
D.T.D.687 sheet. In arder to avoid the development of high-strength
light=alloy materials having serious "shatter" characteristics, it is
considered imperative to continue the investigation, with both sheet and
extrusions, until thc features responsible for the "shatter" effects can
bec established.

Trials against both stressed and unstressed plates, using remotely
detonated 20 mm H.E./I shell, are therefore continuing,and a number of
firings against extruded sections in D.T.D.683 will be i.ncluded shortly.

It is plenned to make similar trials to investigate the effects of
varying the chemical constituents of the materials within the limits of

Specification D.T.D.687, in partlcular, the effects of varying the percent-
ages of zinc and magnesium.
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TABLE I

List of firings against unstressed plates of

high-strength light-alloy

Arpmmition:= 20 mm Ball
nalysi Angle of
Manu- Specifi~- Sheet m?sccls A'gta.ck No. of Photo-
facturer cation |Thickness Appendix "IT") Nor;Zl Firings | graph
The D.T.D.687| 3/16 in. A1 60° 1 Fig.1(a)
British A2 60° 1
Aluminium B1 60° 1 Fige1(b)
| Co. Ltd. B2 603 1
r 2 | sl ]|
10 S.W.G. A1 60° 1
A2 60° 1
B1 600 1
B2 608 1
C1 60 1
c2 60° 4
16 8.W.G. A 60° 1
A2 60° 1
B1 60° 1
B2 600 1
(03 60° 1
c2 60° 1
The 75 8 3/16 in. Al 60° 1 Fig.2(a)
British A2 60° 1
Aluminium B1 60° 1 Fig.2(b)
Co. Litd. B2 60° 1
c 60° 1 PFig.2(e)
c2 60° 1
10 SW.G. A1 60° 1
: L2 600 1
B1 60° 1
B2 60° 1
a1 60° 1
c2 60° 1
16 8.9.G. A1 60° 1
A2 60° 1
B1 60° 1
B2 60° 1
c1 60° 1
c2 60° 1
The D.T.D.687, 3/16 in. - Normal 1
Northern { 45° 1 Fig.3
Aluminium | 10 8.7.G. - Normal 1
CO. Ltdo ‘ L{.58 1
60 1
”~ " . (o) 2
16 S.W.G 230 :
Messrs. D.T.D.687 3/16 in. - 45° 1 Figel
James : P i 0 -
e g |10 8.M.G. 45 1 Fig.5(a)
. Co. Ltd. (16 S.H.G. | - e 1 Fig.5(b)
Note: No evidence of "shatter" or serious splitting of the plates was

observed in these tests.

- Y -
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TABLE II

Results of firings against unstressed plates of

high-strength light-alloy

Ammunition:~ 20 mm Hispano H.E,/I

Fuze 25

Plates attacked directly at 45° to normal
(i.e. no burster plate employed)

Analysis
(see
Appendix " ]-11)

Manu- " . Sheet
facturer | latcrial Thickness

Result

The D.T.D.687 | 3/16 in. A1
British
Aluminium
Co. Ltd.

Hole!5 in. x 2 in,
Little tendency to petal.
Medium flaking of back
surface. See Fig.6(a).

3/16 in. B1

Hole 3:1; in. x & in. i Na
petalling, lMedium flak-
ing of back surface.

3/16 in. B2

Hole 3% in., x 2 in., No
petalling, Iledium flak-
ing of back surface.

See Fig.6(b).

3/16 in. C1

Hole 2 in. x 1% in. No
petalling or flaking.
Shell appeared to have
detonated when com-
pletely through plate.

| 3/16 in, c2

Hole |3 in.| x 3/in, |No
petalling, TFlaking of
back surface and some
small (3 in. to 1 in.)
cracks. See Fige7.

| 10 3.W.G. C1

2 in, x 1% in. hole.
Shell detonated with
comparatively long delay.

c1

2% in. x 2 in. hole.
One 1 in. crack and two
% in. cracks through
plate. Medium flaking,

The 75 ST ; 3/16 in. Al
British ‘
Aluminium

Hole 5 in, x 2% in. One
1% in, crack. Slight
tendency to petal but
mainly slightly flaked
edge to hole.

l
|
Co. Ltd. |
|

| 3748 85, B

Holel$iiin.! x 3'in,

Shell exploded with less
delay than normal. Some
flaking round edge of
hole and some petalling,

3/16 in. B2

Hole'2 in, x 3 in, !Two
2 in, cracks and one 1%

| in, crack. Some petal-

ling of plate.

w4
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TABLE II (CONTD)

155

Manu~
facturer

Material

Sheet
Thickness

Analysis
(see
Appendix "IT")

Result

The
British
Aluminium

Co. Ltd.

75 ST

3/16 in.

c2

| small cracks.,

Hole 3 in. X 3 in. DNo
petalling. Flaking of
back surface and some

10 S.W.G.

10 S.W.G.

10 S.W.G.

10 SW.G.

B1

! . .
Hole 2% in. x 1% in. with

six cracks from 1 in. to
L% ine long. Larger

pectals. Shell appeared
to have detonated while

in plate. Sec Fig.8(b).

B1

Hole 2 in, x 2 in,
Little flaking. Two

1 in. cracks from hole,
Shell appeared to have
detonatcd when com~
pletely through plate.
See Fig.8(a).

B2

Hole 2 in. x 2 in, with
little flaking. One
1 in. crack.

C1

Hole 3 in. x 2 in. A
little fleking of the
back surface and one

1 in. crack.

The
Northern
Aluminium
Co. Ltd.

D.T.D.687

3/16 in.

ling.

Hole 2% in., x 2 in. with
Llittlc fleking or petal-
One 1 inch cracke

- 13 -
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TABLE III

Firings against stressed plates of high-strength light~alloy

Material:- Supplied by the British Aluminium Co. Ltd.
to Spec. D.T.D.687

Amunition: 20 mm Ball and three rounds only of 0O.303 A.P.

Analysis
Th§h§zts (see Strss;';nSSheet Result Notes
1CKIEess Appendix ’.IIIH) /0 o De
3/16 in. A1 80 Holed
A2 80 Holed |
B1 80 ‘ Holed
B2 80 Holed
C1 50 Holed
60 Holed
60 Holed
! 70 Shatter
| 70 Holed | Attack 3" from edge
| of specimen
G2 80 Holed | Load held for 2
: ' mins before firing
{ 80 Holed | Load applicd quickly
10 S.M.G. | X 70 Holed
i 80 Holed
} 80 Holed |
f 52 80 Holed |
B1 30 Holed
75 Holed
85 Holed
B2 80 Holed
1 60 Shatter
75 Shatter
75 Shatter
85 Shatter
c2 50 Holed
66 Holed
il Shatter
16 S.W.G. A1 50 Holed
60 Holed
70 Holed
80 Holed
L2 . 80 Holed
B 43 I THgngd
} small
53 | Split
60 ! Split

-l -
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TABLE IIT (CONTD)

Analysis '
Thigliizs (see Strizs; ;nSSheet Result Notes
S | Appendix "TI") LA Ne
16 SW.G. B2 40 Holed
50 Split
70 Split
70 Split
c1 L3 Holed
L3 Split | Attack with 0,303 AP
S5k Split
bl Split | Attack with 0.303 AP
02 L0 Holed
50 | Split
50 | Holed Attack with 0,303 AP
- 15 -
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TABLE IV

y Hirings against stressed plates of high-strength light-alloy

CONFIDENTIAL

lMaterial: Supplied by the British Aluminium Co. Ltd.
. to Spees (5 ST
Ammunition: 20 mm Ball
Sheet St heet
ThiCEECSS! snelysis re;fU?;.g.ec Result Notes
3/16 in. A1 80 Holed
A2 80 Holed
B1 80 Holed
B2 80 Holed
C1 80 Holed
G2 80 Holed
10 S.W.G. Al 30 Holed
A2 80 Holed i
) B1 75 Holed
80 Holed
B2 80 Holed
a1 75 Holed
80 Holed
cz2 80 Holed
16 S.W.G. A1 80 Holed
80 Holed |Load applied at right
: angles to direction of
L_ rolling
| a2 80 Holed
| B4 50 Holed
60 Holed
70 Holed
80 Holed
F B2 80 Holed
c1 60 Split
7 70 Split
80 Split
c2 50 ! Holed |
c2 80 | Split |
- 16 -
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Tech. Note No. lMech. Enge 155

Firings against stressed plates of high-strength light-alloy

Materials:- Miscellaneous
Ammunition:~ 20 mm Ball
| Alloy
Manufacturer | , Sheot | Stross on Sheot | Result Notes
an.d Spec. C S /9 eleDe
The British | 3/16 in. 80 Holed
Aluminium (slightl
Co. Ltd. petalled
*D.T.D.603
10 S.W.G. 80 Holed
(pctalled)
16 S.W.G. 80 Holed
(petalled)
The Northern | 3/16 in. 80 Holed
Aluminium
ey 10 S.7.G. 60 Holed
D.T.D.68 10 Holed
! 80 Holed
16 S.W.G. 50 Holed
60 Split
60 Holed Tension applicd at
right angles to
dircection of
rclling
70 Split
licssrs. James| 3/16 in. 50 Holed
Booth & Co. 60 Holed
Litd. 70 Holecd
D.T.D.687
! 10 S.W.G. 80 Holed
| 16 S..G. 35 Holed  ||Tension applied at
L0 Holed iright angles to
L0 Split ‘the direction of
jrolling
50 Split
60 Split
70 Split
Whitehead 10 S.W.G. 50 Holed  [|Tension applied
lMetals Inc. 80 Holed ‘at right angles
U.SeAs fto direction of
Jrolling
75 8T 80 Holed
16 SM.G. 40 Holed |Tension sppliecd
50 Split ‘at right angles
60 Split ‘to direction of
70 Split |rolling
80 Split
*Note: Sheets to Spec. D.T.D.603 were included here as control specimens.

-17 -
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TALBLE VI

Firings against stressed plates of high-strength light-alloy

Ammunitions =~

lote:
approximately

gun,

was allowed to pass through a small hole.
effective in about 50% of the cases.

1/25 oz. fragments at 2,500 ft/sec and

5,200 ft/sec

The fragment was insertcd in a plastic sabot of

58 0Z. weight and fired from a 0.5 in. Browning

The sabot was stopped by a steel plate while the fragment

The "stop plate" was

-

|
» u:‘gllgy Stress on Nominal !
gggcii‘gcgszn Sheet Conditions | Results
1 Thickross | /2 UsTeSe | of Attack '
The Northern 60 1/25 oz. at l Fair Hit - Plates holed only
Aluminium Co. 2,500 ft/sec |
Ltde :
D.T.D.687 70 1/25 oz. at ! Plate holed by fragment and piece
16 S.W.G. | 5,200 ft/sec | of sabot.
| Split across plate originating
{ at_hole by sabot
; See Fig.11(a)
70 1/25 oz. at | Platc holed by fragment, dented
| 2,500 ft/sec | by piece of sabot
80 1/25 oz. at | Fair Hit - Plate holed only
- | 2,500 ft/sec |
| 80 [1/25 oz. at | Fair Hit - Plate holed. Some
I | 5,200 ft/scc | very fine cracks about z in, -
; lL [ 7 in. long radiating from hole
80 | 1/25 oz. at | Plate holed by fragment and
5,200 ft/sec | piece of sabot. Split
: originating at latter hole
| | See #ig.11(b)
: %
Whitehead 70 1/25 oz. at | Fair Hit - Plate holed only
lietals Inc. ! 5,200 ft/sec
Ll .A. Mo
I7JSSST ! 80 i 1/25 oz. at | Fragment passed through 3/16 in.
1% s.G. i | 5,200 ft/sec | stop-plate® before striking
i target. Plate holed by fragment
| and split
The British ,r 80 1/25 oz. Fragment and sabot did not sepa-
Aluminium Co. | Fragment and | rate. Hole 1% in. dia. Split
Ltd. ‘ Sabot at ' originating at hole
D.T.D.687 5,200 ft/sce
alysis C2 |
| | 80 [1/25 oz, at | Fair Hit - Fragment hole only
T ’ | 5,200 ft/sec | See Fig.12(a) 1
| 80 | 1/25 oze. at iHoles by fragment and pieces of

i

1

| 5,200 ft/sec

sabot. Split and crack both
originating at sabot holes
See Fig.12(b)

|
|
|
|
]
|

*Note: In this firing a further "stop-p

late" of 3/16 in. Dural was

introduced in an attempt to stop fragments of ssbot from striking
the plate under test.

- 18
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TABLE VII

Firings against unstressed plates of high-strength

light-alloy with 20 mm Mauser H,E,/I ammunition

Shell Fuze:-

Sensitive, and operates when shell

is just through "burster plate"

Target arrangement:

"Burster
Plate"” ~Sa | Point of
; /Detonatlon “

Direction of Attack . | ¢
v

1
! !
i _Variable _ !
\Distance 7

I‘/— Sheet Under Test

Distance of |
. Burster | Sheet Under Test Analysis |
Firing | plate to Manu~ 2 ot (-l (see | Result
No, Specimen facturer| l2terial | Thickness App. II)
Under Test }
1 17 in, The D,T.D,687 | 3/16 in, c1 '"Shatter"x
British (see Tig.13(a))
Al. Co, |
Ltd, ;
2 19 in, The
British | D.T.D.687 | 3/16 in, A2 Fragment Damage
Al. Co, Only
Ltd, (see Fig,13(Db))
3 13 in, The D.T.D, 687 | 3/16 dn. - Split
Northern (see ™Mg.13(c))
s Go,
Lta,
]
& 13 in, | Messrs, | D.T.D.687 | 3/16 in, b "Shatter"
' James | (see Fig.14(a))
! Booth &
| Co. Ltd.
5 19 4n, | Messrs, | D,T.D,687 | 3/16 in, = Fragment Damage
| James | Only
! Booth & . (See Fig.14(b))
| Do, Ttd; i
|
6 19 in, ! The D,.T.D.687 { 10 8.W.06. | b 1 Fragment Damage
- Northern | Only
| &1, Ooi i | (See Fig.14(c))
| L. | {
{ i |
7 19 in, | Messrs, | D,T.D,687 | 10 S.W.G. | - { "Shatter"
. James | . (see Fig.15(a))
{ Booth & | ! |
Co. Ltd, ! |

Note: *The damage, in this case, was somewhat less than a true

effect, and might be better termed
.19 =
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TABLE VII (CONTD)

Distance of
£h 2 Burster Sheet Under Test Analysis .
Firing | plate to Manu- . . (see Result
No. Specimen facturer | Material | Thickness App. II)
Under Test
8 19 in, The D,T.D,687 |16 8.W.G, c2 "Shatter"
British (see Fig.15(b))
Al, Co,
Ltd.
9 19 in, The D.T.D.603"%| 16 8.W.G. . Fragment Demage
British ' Only
A1, Co, (see Fig,15(c))
Lta.
10 16 in, The D.T.D,687 |10 S,%.G. - Fragment Damage
Northern Only
Al.- Co, (see Fig,16(a))
Ltd,
11 13 in, The DT.D.603* | 10 S.W.G. - Fragment Damage
British Only
Al, Co. (see Fig.16(p))
Ltd,
12 13 in, The ~ | D,T.D,687 |10 S,W.G, A1 Fragment Damage
British Only
Al, Co. (See Fig.16(c))
Ltd.
13 13 in, Messrs, | D,T.D.687 |10 S.W.G, - Fragment Damage
James Only
Booth &
Co. Ltd,

Note: **Two sheets of

D,T.D, 603 material were included as control specimens,

= 20
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APPENDIX T

A Comparison of the Properties of Light-Alloy "75 ST" (U.S.Zls)

and British Light-Alloy to Specification D.T.D.687

AVERTCAN IIATERTALS BRITISH
! UATERTALS
1 Specification Specification Specification
N=-A-9(a) AN-A=10(b) D.T.D.6837
(NOT CL4D) (CLAD) (CcL4D)
| Chemical Analysis:-
| Zinc 5¢1 = 6417 5.1 = 6.1% L.5 = 6.5%
| lMagnesium 2¢1 = 2.9 - 2,0 - 3,5
| Copper 142 = 2,0 142 = 2,0 1.5 max.
] Chromium 015 = 040 0.15 - 0,40 0.5 max.
| llangenese 0. 30 max. O« 30 max. 0.30 - 1.0
Iron D¢ 70 max. 0. 70 max, 0.5 max.
Silicon 0.50 max, 0.50 maxe 0.5 max.
Titanium 0,20 max, 0.20 max. 0. 3 max,
Others each 0,05 maxe 0.05 max. o7
Others total 0. 15 max, 0.15 max. -
Aluminium Remainder Remainder Remainder
Chenical Cormposition
of Coating Alloy:-
Zinc 0175 o~ 1.25;’0 OQ8 ™ 1:2
lMagnesium 0.10 e
Copper O+ 10 max. T
lianganese 0,10 max. -
Silicon 0.7 =
Others total 0.15 -
Aluriinium Reneinder Remeinder

Physical Properties:-

(0.032").
UaTeBe 3hels to/sq.in. 32.1 t./sq.4n, 32 t./sq.in.
Proof Stress (0. 2%) (0.25%) (04 156)
29.4 to/8q0. in. | 277 te/s8qg.dn 27 t./sq.in.,
Elongation 8 8% 1 8% i
' for gauges
| greater then
112 8.W.G. i

Data below is given for thick-
ness between 19 S.W.G. (0.04")
and 7/0 S.W.G. (0.50").

Data for thick-
ness greater
than 21 S.W.G.

Heet Trcatment

(In accordence with U.S.A.
Spec. AN-QQ-H-166) Shocts
solution trecated at 460°C to
139°C end precipitation
trcatcd by hecating to
118.5°C to 124°C for

2l hours.

Sheets solution
treated at 1,65°C
+ 5°C, quenched
and then preci-
pitation trcated
by hcating
between 110°C
and 140°C for
the "requisite
period”.

- 21 -
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APFENDIX II

Details of Materials Supplied for Testing

James Booth & Co.,, Ltd, Sheets of 16 S.W.G., 10 S.W.G. and 3/16 in,
were provided, the following being the cast analyses:-

Cu Mn Mg Fe Si Zn ™ Cr
16 S.W,.G. 0.97 0,36 2,93 0.28 0.14 5.68 0.09 0,07

10 S.W.G. 1.04 0. 35 3,07 0.2 0.16 5.9 0,06 0,07
3/16 in, 0. 96 0. 3L 2,78 0.19 0,14 6,02 0,06 0.07

The sheets were solution treated at 460°C and precipitated for 12 hours
at 135°C,

The following are the manufacturing deteils of the sheets:-

All this material was made from cast slab 30" wide x 8" thick. Prior
to hot rolling the slab was milled to 7" thick, They were then hot rolled
dovn to ;" thickness at 30" wide and the plates were then out up into suit-
able pieces for subsequent cold rolling, Hot rolling was carried out at
420°C, The following are the cold rolling schedules:

1, 72" x 36" x 0,187"

0.25" thick plates annealed 360°C,

Cold rolled to 0,187" thick.

Edges trimmed,

Solution treated 460°C X 20 mins, (in salt).
Stretched sufficiently to meke flat,

Cut to size,

Precipitated 135°C X 12 hours,

2. 72" P% 36" X 0‘064_"

0,25" thick plates annealed (360°C).
Cold rolled to 0,130" thick.,
Annealed 360°C,

Cold rolled to 0,107" thick.
Annealed 360°C,

Cold rolled to 0,064" thick,

Edges trimmed,

Solution treated 460°C x 30 mins. (in salt).
Stretched sufficiently to meke flat,
Cut to sigze,

Precipitated 13500 x 12 hours.

3., 72" x 36" x 0:128"

0.25" thick plates annealed 360°C,

Cold rolled to 0,150" thick,

Annealed 360°C,

Cold rolled to 0,128" thick,

Edges trimmed,

Solution treated 460°C x 4O mins, (in salt),
Stretched sufficiently to make flat,

Cut to size,

Precipitated 135°C X 12 hours.,

- 22 -
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British Aluminium Co., Ltd. This firm kindly supplied sheets
of 16 S.W.G., 10 S.W.G. and 3/16 in. D,T,D,687 and also the same
thicknesses in the equivalent American 758T elloye Furthermorc, the firm
also undertook to supply three compositions in both alloy types to
represent low magnesium combined with low zine, average magnesium and zinc
and high magnesium combined with high zinc, in each case, the actual com-
position being within specification limits, The following were the
chemical analyses reported:-

D, T.D, 687 Cu Mn lig Fe Si Zn Cr
Type A - 0.35 2,19 0.18 0.11 5.11 -
iR 1437 0.45 2,56 0.23 0,13 5.69 -
kY. 1.28 0. 35 3.28 0.17 20414 5.87 -
758T
Type A 1.65 0.21 2,47 0.19 0,12 5.25 0.25
. 1.77 0.21 2,50 0. 14 0.13 559 0.26
.o 1,84 0.21 2,81 0,20 0.11 5.91 0.28

The procedure used in manufacture was experimental so as to provide
the required range of properties, the following being the details supplied
by the firm:-

"The whole of the blocks in both types of alloy were prepared by the
semi-continuous casting process and after cutting to length were homo-
genised at 430°C for 10 hours and were clad with 1% zinc plates,

The blocks were hot rolled in two stages to a thickness of 0,220",
the preheating temperature being designed so that rolling could be carried
out in a temperature range 380-400°C,

After cooling the blanks were cut for cold rolling and the following
treatment was given:

Finishing Gauge 0,064" Blanks annealed, rolled to 0.120", annealed,
and rolled to O,064",

Finishing Gauge 0,128" Blanks annealed, rolled to 0.128".
Finishing Gauge 0,187" Blanks rolled without an anneal to 0.187".

In all cases the annealing was done in a muffle for 6 hours at a
zone setting of 420°C.

The sheets were solution treated at the finishing gauge at 465° + 59
for both alloys, the soeking times being 18 mins,, 40 mins, and 45 mins,
for the three gauges respectively. '

Following the solution treatment each type of metal was divided into

two groups, differing slightly in the planishing and precipitation
treatment; the details are as follow:

W,
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D, T.D. 6874 Type A

Group 1.  Planishing (1% to 2% reduction) and stretching, followed
by artificial ageing (8 hours 130° - 1400C),

Group 2, Roller levelling and stretching, followed by artificial
ageing for 4 hours at 130° - 140°C,

D,T.D, 6874 Type B

Group 1.  Planishing, stretching, and artificial ageing as for
Type A, Group 1,

Group 2, Heavy planishing (10fe reduction); stretching and
artificial ageing, as for Type A, Group 1.

D,T.D.687A Type C

Group 1. Planishing and stretching, as for A1, followed by
artificial ageing for 12 hours at 130° - 140°C,

Group 2, Heavy planishing (10% reduction), stretching, as for A1,
followed by artificial ageing for 12 hours at 130° - 140°C.

/5ST Type A

Group 1. Planishing end stretching, as for D.T.D,687A, A1, followed
by artificial ageing for 24 hours at 115° - 1270C,

Group 2. Roller levelling and stretching, as for A1, followed by
artificial ageing for 8 hours at 130P- 140°C,

755T Type B

Group 1. Plonishing and stretching, as for Group 1, followed by
artificial ageing for 24 hours at 115° - 127°C,

Group 2, Heavy planishing, (10% reduction), stretching as for
Group 1, followed by artificial ageing for 24 hours at
1159 . 127°C,

75ST Type C. /8 for 75ST Type B,

Northern luminium Co,, Ltd, Sheets of 16 S, W,G., 10 S,W.G, and
3/16 in., were provided, the following being the cast analyses,

Cu Mn Mg Fe Si Zn T Cr
16 S.W,G., 1.43 0.28 2,47 0.33 0.22 6.16 0. 06 0.13

10 S, W.G. 1.42 0.29 2,48 0q 51 0,17 6.10 0. 04 0..42
3/16 in, 1.43 0,27 2,47 0,36 0.,17 6,10  0.04 0,12
The sheets were solution treated at 4L67°C and precipitated for 12

hours at 133°C, The following manufacturing details were supplied by the
firm:-

16 S.W,G, 10 S.V.G. 3/16 in,
Size of ingot o' X 20" x 21" 6" x 2% x 2" 8% ix 28" x 20"
Hot rolled to 3/16 in, 3/16 4n, 1 in,
Annealed at 3/16 in, 3/16 in, -
Cold rolled to 0,064 in, 0,128 in, 0.1875 in.
e Bl e
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This material was taken from ordinary production runs.
Whitehead lietals Inc., U.S.A. Sheets supplicd in 16 S.W.G. end
10 S .G
No details of analyses or menufacturing processcs available.
Results of some Strength Tests on the sheet Materials
in the "as received" Condition
Note: "L" is ebbreviation for "Longitudinal®”, i.ce
parallel to length of 6.£t x 3 £t shcet.
"T" is abbreviation for "Treansverse", i.e.
parallel to width of 6 £t x 3 £t shect.
Manu~
facl-:.:;-ler Proof Stress| U.T.S. |Elonga- P.S./
o Gauge | Analysis |Tons/sq.in. |Tons/sq.in.| tion % UsTuSs
Specifi- L T L T L |2 Loz
cation |
The , | 10 S.W.G. A1 28.0 {2545 |31e3 | 31e1 {11 |10 | 0.90 | 0,82
British A2 28a7 |24e5 [ 32.4 | 30,9 {12 |12 | 0,89 ! 0.79
Aluminium B1 32.6 [28.6 {364 | 34e7 | 9 9 0.9 30.83
Co. Ltd. B2 33.2 [28.7 | 36.7 | 34.5 8% 7% 0.91 | 0.83
D.T.D.687 ci 342 {3046 | 37.4 | 35.8 8? 8?; .92 | 0,86
G2 | 33.4 |29.2 |37.0 |35.1 | 85 | 7z 0.91|0.83
16 S.W.G. Al 28.L [25.6 [32,2 [ 30,1 [11- [11 | 0.88 | 0.35
A2 26,6 |24.5 | 30,3 129.6 |13 |13 [ 0.88 1 0.83 |
B1 32,1 128.6 [36.3 1340 | 93| 9 10.89 0.8y |
B2 28,7 1292 | 3469 | 34l | 9 7% | 0.82 0.85||
01 | 31.2 29.8 |35.6 {34.6 | 72| 9 |0.88 0,86/
C2 | 30.9 28,8 [35.1 |3ke1 | 8 7 10,88 0.85 |
The 10 5.W.G. M| - - - - - - - -
British A2 | 27.8 [26.8 |33.8 {33.1 {13 |11 | - - |
Aluminium B1 - |- - = - - - -
Co. Ltd. B2 29,0 {28.2 !34.8 |34.0 9 |10 | 0.8, | 0,83
75 ST ey 30,2 [29.2 |34.9 [35.2 (10 |10 |0.87 | 0.83
Qe 32,0 127.,2 {3642 |3hel | 9 9 |0.,88! 0,79
16 S.W¢G’o ,A.1 " . .- -0 - = - o
A2 28.0 2645 |32.6 |32.4 (12 |11 | 0.86 | 0.82
B1 2he7 |27+3 |3h4e3 13340 9?— 10 ! 0,87 | 0483
B2 12945 12707 |34e6 1330k | 92| 9. | 0485 | 0.83
01 | 2942 (272 | 34e8 {3343 10z %1 0.8, | 0.82
] c2 | 30ak [27e4 |35k |32.3 | 83 |10 30.86 . 0.8
The | 3/16 in. - - |- - |=1]=-1=-1-
British |10 S.W.G. - 23,0 [18.9 | 30.4 [29.8 |16% 15%¢ 0.75 | 0,63
Aluminium | 16 S.W.G. 22.9 {197 | 3062 13140 |17 [17%{ 0a76 | 0u 6k
Co. Ltde
D.T.D.603
The 3/16 in. o > - » " = k. - -
Norbhern 10 S.VI.G‘- b 30.9 b 35.5 {o- 10.1 ""1 0087
Aluminium | 16 S.7.G. - 3069 |27ek4 |34e2 3349 | 92| 92| 0«91 | 0.81
Coe Ltd.
D.TaDs 687 e i
%ngsﬁesags. %16 Tin. 5246 128.5 3t—’>.2 3_6..1 ? ? 0190 O-_79
Booth & SqNoG'. ko b b 1
Co. Ltd. |16 SM.G. - 3241 |36.0 {35.6 |35.1 | 85| 8 | 0,90 0.86
D.T.D.687 ;
Whitehead |10 SJN.G. 30,6 |27.2 | 3448 [35.2 10, 9% | 0,88 | 0.78
Metals 16 8.J1.G, 3042 |27ek | 3hel {340 | 95| 6 | 0.88] 0.81
Inc. ’UQSOA. { | i { '
75 ST = X ‘
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CONFIDENTIAL

Tech. Note No. Licche Eng. 155

APPENDIX ITT

Hotes on Loading Rig for the Investigation of the
Shatter Propertics of High Strength Light Llloys

General

The rig was designed specifically to investigatc the shatter
propcertics of high strength light alloy spccimens, under tension and
compression, when attacked with 20 mm Ball [mmumnition, The rig is
hydraulically operated, its main units becing an hydraulic jack, a hand
pump unit and an clectrically opcratcd pump unit.

The layout of the rig is illustrated diagrammatically in Figs.1 and
2, and photographs of the rig end pump units are reproduced in Figs.3 and
L respectively.

Details of ‘mits

Hydraulic Jack

Piston diameter = 15,62 ins.
Piston area = 191,62 ins,
Piston rod diameter = 3¢50 ins.
Piston rod area = 9.62 ins.

Overell piston travel = 10 ins. approximately.
Hand Pump

Turner Duplex hend pump.
Hotor-pump Unit

BeTeH. 3 phese, 400 Volt A.C. Motor

rated 3.5 HeP., (Speed O to 2,500 ReZ.ll.), used with a
Plessey line feed pump.

Loading Data

Bffective piston area in Tension = 182.0 sq. in.

1

Effective piston area in Compression 191.62 sq. in.

Maximum Working Pressure = 1500 1b/sq. in.
Meximum load in Tension = 122 tons
Maximun load in Compression = 128 tons

Conversion factors are:-

In Compression Gomge reading (1b/sq. in.) x 0,0853 = Totel
load in Tons or Total load in Tons X 11.7 = required
gauge reading.

In Tension Gange resding (1b/sq. in.) x 0,0813 = Total
load in Tons or Total load in Tons X 12.3 = required

gauge reading.

- 26 =
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108880 |53

[RAE

FIG.3.

TECH. NOTE: MECH. ENG. 155
APPENDIX III

FIG.3

Test Rig for Loading Specimens.

Specimen Shown in Position After
Attack with .303 Calibre Ammunition.
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FIG.1.

TECH. NOTE: MECH. ENG. 155
FIG. |

ENIBT a. Analysis Al. BXIT

ENTRY b. Analysis B1. EXIT

ENTRY

C. Analysis C1. BRIT

Unstressed Plates of D.T.D.887 Attacked with 20 mm.Solid Shot
at 80° to the Normal.

Plate Thickness - 3/16 in.

Manufacturer- British Aluminium Co. Ltd.




108883 [53]

[RAE:

FIG.2.

TECH. NOTE: MECH. ENG. 155
FIG.2

ENTRY a. Analysis Al. EXIT

ENTRY b. Analysis Bi1. EXIT

ENTRY C. Analysis C1. EXIT

Unstressed Plates of 75 ST Attacked with 20 mm Solid Shot
at 60° to the Normal.

Plate Thickness - 3/16 in.

Manufacturer - British Aluminium Co. Ltd.
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FIG.3.

FIG.4.

TECH. NOTE: MECH. ENG. 155
FIG.3s4

ENTRY EXIT

Unstressed Plate of D.T.D.6887 Attacked with 20 mm Solid
Shot at 45° to Normal.
Plate Thickness - 3/18 in.

Manufacturer -~ Narthern Aluminium Co. Ltd.

ENTRY EXIT

Unstressed Plate of D.T.D.887 Attacked with 20 mm Solid
Shot at 45° to Normal.

Plate Thickness - 3/18 in.
Manufacturer - Messrs. James Booth & Co. Ltd.
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FIG.5.

TECH. NOTE: MECH. ENG. 155
FIG.5

ENTRY EXIT

a Plate Thickness - .128 in. (10 S.W.G.)

ENTRY EXIT

b Plate Thickness - .084 in. (16 S.W.G.)

Unstressed Plates of D.T.D.6887 Attacked with 20 mm Solid

Shot at 45° to Normal.
Plate Manufacturer - Northern Aluminium Co. Ltd.




TE: MECH. ENG. 155
FIG.6

a4 Analysis Al.

ENTRY b Analysis B2. EXIT

Unstressed Plates of D.T.D.B887 Attacked Directly with 20 mm
Explosive Shell at 45° to Normal.

Plate Thickness - 3/16 in.

Manufacturer - British Aluminium Co. Ltd.
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FIG.8.

TECH. NOTE: MECH. ENG. 155
FIG.8

Q. Firing 1. Exit Side.
Detonation when Shell is Through Plate.

b. Firing 2. Exit Side.
Detonation when Shell is in Plane of Plate.

Unstressed Plates of 75 ST (Analysis B1l) Attacked Directly
with 20 mm Explosive Shell at 45° to Normal.

Plate Thickness - 10 S.W.G.

Manufacturer - British Aluminium Co. Ltd.
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[RAE:

TECH. NOTE: MECH. ENG. 155

FIG.9., Unstressed Plate of D,T.D.887 (Analysis B2) After Repeated
Attacks, Including Exposure to Blast and Fragment Spray
from Exploding 20 mm Shell.

Plate Thickness - 3/18 in.

Manufacturer - British Aluminium Co. Ltd.

FIG.9




TECH. NOTE: MECH. ENG. 155
FIG.10

a Typical Example of "Split".
18 S.W.G. (.084 in.) Plate to Spec. D.T.D.887 (Analysis C1).
Manufactured By - British Aluminium Co. Ltd.
Stressed To 50% U.T.S.

Typical Example of "Shatter".

10 S.W.G. (.128 in.) Plate to Spec. D.T.D.887 (Analysis C1).
Manufactured By - British Aluminium Co. Ltd.

Stressed To 75% U.T.S.

FIG.10. TYPES OF FAILURE OF STRESSED PLATES ATTACKED WITH 20 MM SOLID SHOT.




TECH. NOTE: MECH. ENG. 155
FIG.11

a Stressed to 70% U.T.S.
Plate Holed by Fragment and Piece of Sabot
Split Originating at Latter.

b Stressea to 80% U.T.S.
Plate Holed by Fragment and Piece of Sabot and Split.

FIG.11. Results of Fragment Firings Against Stressed Plates
to Speec. D.T.D.887.
Fragment:- 1/25 oz. at 5,200 Ft/Sec.
Thickness of Plates - .084 in. (18 S.W.G.)
Manufacturer - Northern Aluminium Co. Ltd.
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FIG.12.

b

TECH. NOTE: MECH. ENG. 155

FIG.12

@ Stressed to 80% U.T.S.
Plate Holed by Fragment Only. - No Falilure.

Stressed to 80% U.T.S.

Plate Holed by Fragment and Pieces of Sabot
Crack and Split Originating at Latter Holes.

Results of Fragment Firings Against Stressed Plates 'to
Spec. D.T.D.887 (Analysis C2)

Fragment:- 1/25 oz. at 5,200 Ft/Sec.
Thickness of Plates - .128 in. (10 S.W.G.)
Manufacturer - British Aluminium Co. Ltd.




TECH. NOTE: MECH. ENG. 155

FIG.13

*TTEHS HAISOTXE WW 0% JILVNOLIA ATALOWIY X€ JADVWVA SHLVId QISSTYISNN

*UT €T - 91®[d 31§89 03 ,JI998Jang,, ‘Ut 6T — °%eld 1S9 0%} ,Jd9%1s4ng,
*SSaUNO TYJ *SS8UNOTYL °UT OT/g ~
‘UT 9T/g — 489°A°L°d °o3ds 03 °*p3T (v sTsdTeuy) 4LBO°A°L°Q °o°ds 03

‘€Ol

‘ut 4T - @3e1d 3595 0% ,I9384ng,
*SSUXOTYL °‘UT QT /g —

(10 stsdteuy) 48O

*a*y°a °oedg o3

*0) UMTUTUNTY UJSYIION A£q padnidoejnuely I *pP37T *0) UMTUTWNTY YST3TIg £Aq paanjoeFnuejl q °P3T 00 WNTUTWMTY YSTITJIE £q paanjoejnuel e

[€S] €68801 :3vy




MECH. ENG. 155

TECH. NOTE

FIG. 14

*TTAHS HAISOTdXE WW 0% JEIVNOLIA ATHLOKIY A€ TIOVAVA SHLV'TId TASSHULSNI

‘Ut T — 9%BId 3S°IL 03 ,JI9%3sang,
(°D°M°S QT) SsSauxdTYL °uy 8T " -
L89°d° L <o9dg 03 °*pP3T Q)
WNTUTWUNTY UJIayjJdoN £q padanjzdejnuej

*ut 8T — 9%®Td %S9L 0% ,491%SJang,

*SSUHOTYL ‘UT 9T /g ~

489°A°L°Q *o9dg 03 P} 0D pue

yroog sauep

*sassop £q paJdnjoeInuel

71'Old

‘ut €7 - @7eld 3Sel 0% ,JI9%1SJdng,
*SSaUX2TYL °UT 9l/g -

L489°a°L°a °oedg 03 °*P3T 0D pue
yjoog sauep

*sassaf Aq peanjoejnuel ©

[es] re8801 3VY




TECH. NOTE: MECH. ENG. 155

FIG.15
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TECH. NOTE: MECH. ENG. 155

FIG.16
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