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fonsidered, much depends upon what 1s meant by "the
Sxpected attack" and upon whether the protection azainst

B this expected attack is to be total or partial, By placlng
‘8ingle plates of armor obliquely and by various peculiar
“@Armor structures, test data have been obtained which yield
vYery hlizh values of energy required for penetration per
unit weight of armor in the path of the projoctile, com-
pared 'to what may be obtained with single flat plates at
normal impact. 'hether the large armor weight savinzs sSug-

Bl gested by such high protection weizht efficlency figuros

Can be realized in some instances depecnds upon the extent
£o which the limitations of these unusual armor arrangfe-
ments permit the desired degree of protectlion to be ob-
talned over the range of the expected attaclk,

4. For light armor bullet protection, the best
"single plate at normal impact" material 1s face hardensd
bullet proof steel (FH-BPS). Among the special bullet
protection arrangements which compare favorably with FH-BPS
mounted normal to the expeccted attaclk, three may be men-
tloned which are outstanding because of their »nossaible
high protection weight officlency and because of their
relative simplicity with respect to materials and design.
These are high strength aluminum alloy plate at hizh ob-
liquity, FH-BPS at 45 degrecs obliquity, and dlvided armor
consisting of a tipping screcen and a plate wilth secveral
feet spacing between, This report discusses the first
and last of these three arrangements,

5. As an nld to comparing various methods of
atopping or ricocheting bullets with respect to their
weight efficlency, a quantity, Py, was defined and used
in references (c), (d), and ().  This quantity 1is calocu-
lated from the projectile cnergy at limit velocity divided
by a volume. The volume is taken to be the volume of
steel equivalent in weisht to the plate material shadowed
by the cross section of the bullet along its trajectory,
For the small caliber AP bullets mainly consldered in this
report, the jaclet 1is ignored and this calculation is made
ag 1f the nrojectlile consisted only of the central hardened
steel dart. For possible arrangements uslng steel or
aluminum alloy to stop AP bullets at about 2500 ft/sec
velocity, a few P, values are as follows:

Material Py (10° 1bs/in2)

H1ld Steel, 0° obliquity "“:34'_':

STS (2850 Brinell), O° obliquity 460

FH-BPS, " " 665

FH-BPS, 45° obliquity ] » 1030

24 0T Aluminum, 70° obliqulty 1320
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an averate yaw baslis sone tipning ascreen plus armor
. te combinations appoar to have Py values of about
1,000,000 1ba/ine,

6, At hish obliquities of impact the 2 T
Aluninum alloy fusllage covering of aireraft may ricochet
Small caliber bullets. Accordinz to the above table, the
wolsht efflclency of' the ececaslonal pmrotectlion thereby

obtained 1s extremely hith compared with other methods of
armorinz, Jbviously, a plate at 70° obliquity to the ex-
pected attack, to glve completo protection, must be thick
enough to stop the lowoeat anticipated obliquity. Thus,

if the cone of protection, as defilned in reference (),

has a total included ansle of 30 degrees, the thicnesas
must be sufficlent for 55 degreo attack while the area covers
age must be obtained at loast with respect to the 70 doezree
point of view. Undor such conditions the ¢ctual weight
efflciency of protection, as distinguished fron Py values,
fizures to be 8lightly worae than I'1-BPS mounted normal

to the attack. Under clrcumstances where the cone of pro-
tection 1s speclally limited it may be possible, on the
other hand, to obtain substantlal increase in the weight
efficiency of bullot nrotection by use cf alwiinum alloy
at hich obliquity. In order to malke poasible a better
anhraisal of tho possibilities and limitetlons of bullet
protection of this type, this report contalins data for

AP bullets at 70 and 77 degree obliquitios apgalnat various
thiclmeases of 24 ST Alwalnuwu, a comparison of Alclad with
24 ST Aluminum, a rough evaluation of tracor and ball
ammunition penetration at high obliqulty, and some data

on the offecta of the plato supports. In additlon, a dis-
cussion of weight efficiency on a basis more apnronriate
than Py values is given. Curves for protection weizht
efficiency, which take approximately into account the
variations in obliquity of attacd implied by Tinite in-
cluded angle cones of protection, are shown.

¥ Reference (b) furnished data for cvaluating
effocts of amounts of yaw up to about 20 degrccs upon
normal impact AP bullot penctrations in armor and discusscd

the results of trials of gratings for tumbling or breaking .

projectiles prior to impact upon armor. Reference (e)
gives a large quantity of tippinz screcns data and suggests
considerable gains in bullet protcction for aircraft may

be obtained by very careful spacing of the yaw producing
element, This roport continucs the collicction of informa-
tion along these lines. A method of increasing the

average yaw produced by a tioping plate clement is ox-
hibited. A study of optimum yaw screen to plate scpara-
tions 1s shown in which the results are cvaluatoed direcct-
ly in terms of armor penctration,
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8. A method for studying pcnetration by yawed
projectiles with accurate control of magnitude and azimuth
of yaw has considerably increased the experimental possi-
bilities along these lines, It is now within convenient
experimental practice to measure yawed bullet 1imit velo-
citles at oblique angles for any fixed orientation of yaw
rglativc to the plane of impact. Development of the tech-
nique for studying yawed bullet penetration has been rscent.
llowever, curves for 1limit velocity versus angle of wyaw
nave beon prepared by this method for samples of 1/38" and
1/4" STS (265 Drinell) and 1/4" and 5/16" Jessop Alrcraft
homogeneous armor (380 Brinell). These curves and the
data used in thelr preparation are included in this report.
Data for face hardened plate and a study of "favorable
orientations" of yaw at obllque angles are incomplete and
will be reported at a later date.

0. The technique used for making controlled
yaw impacts involves firins into a ballistic plate testing
type pendulum at closc ranzo through a blast deflector,
A light upsetting plate is fastened to the rear of the
blast deflector in such a position that She bullet will
graze the edge of the upsettiny plate. Yaw dsvelopes there-
after at a rate predictable ovor a range of several feet
from previous exnerience with other roundis. Orientation
of yaw at any point may be varied as desirecd by rotating
the upsetting plate, The rate at which vaw develops de-
pends upon bullet velocity., Good velocity control is there-
fore desirable both for the purpose of cloaely bracketing
limit velocity points and for the purpose of maintaining
accurate control of the vaw,

10, The eriterion for limit velocity used in
light armor testinz with amall caliboer AP bullets at this
laboratory is stated in a letter to the Bureau of Ordnance,
25 January 1939 as follows: "the lowest impact veloclity at
which the bullet, or fragments of either the bullet or
plate, are projected to the rear of the plate." In prac-
tice, small pleces thrown behind the plate by the impact
have been ignored when they seemed to the personncl in
charge of the testing of no consequence with reapoect to
casualtiocs behind the plate., Beginning January 1042, in
order to reduce thc degree of personal judgment involved,
fragments of bullot or plate were judged to be dangorous
if they could penetrate a fragment screen placed several
inches behind the impact, For the 700 and 77° obliquity
limits on the 100 yard range, ‘fragment screens about
equiva.lent to .06" 24 37 Aluminum were used., F'or the
oblique limits using the small pendulum and for all of the
yawed bullet limits, 0,032" 24 ST fragment screens were
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1la, The data for Table 1 and Plate 3 were
obtained using Cal 30 AP M1922 and Cal 50 AP M1 bullets
at 100 yards range. The Cal 30 bullets were fired from
& 28 inch Mann barrel; the Cal S50 bullets from a Browning
heavy machine gun barrel. Yaw card records taken occasion-
ally during the tests failed to reveal more than 1/2° yaw
at the 100 yards range used, Veloclities were measured
as in reference (d) with a modified Aberdeen Chronograph,
using metal foll screens at 16 feet base length near the
target. The sheeats of aluminum alloy for high obliquity
test were sheared to 12 inch width and clamped to a frame
so that the plane containing the trajectory and the normal
to plate surface (the plane of impact) was vertical with
the lower edge of the plate toward the gun.

15. The plate supporting frame most used was
a rigid wooden structure which provided two parallel 2" x
4" rails to which the plate was clamped at about 12 inch
intervals. These rails had their long 4" faces parallel
to the plane of impact and were 7 inches apart, inside to
inside, or about 8% inches apart, center to center, An
additional palr of frames for plate support were used

similar to the above except that the rails o, one were
9 inches apart and for the other 4 inche:d ¢ part measured
between inside surfaces, All 70° limits weire with the 7"

span frame. The 9" span frame was used for all of the 770
l1imits, One limit at 77° was remeasured using the 4" span
frame in order to determine the ef'fect of the plate supports
upon limit velocity.

16, : In placing high obliquity impacts on the
test plates, the regions cloge to the rall supnorts were
avolded as much as was practicsal. Thoe effect of thoe mount-
ing and of the neighborhood of impacts to plate supports
was most noticable at the 77° obliquity. Table 1 shows
the effcct of a change in span of support from 9 inches to
4 inches, the impacts being close to the center of the
span in each case,

17, he question of where to place the limit of
a plate at high obliguity when high velocity Jacket frag-
ments were thrown through the plate at velocities lower
than those required for projectils penetration arose during
the early part of test work summarlzed in Table 1, Card-
board placed behind the test plate may show tiny holes
from jacket or plate materlal at a velocity barely suffi-
clent to open the back of the test plate, Tince the pri-
mary application in mind was alreraft armor, the usual
aircraft bulkhead or pllot seat aluminum sheeting repre-
sented a convenlent "dangerous" framment pdicator, About
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+06" Aluminum alloy is not so thin as to permit perfora- |

tion by lead splash and inconsequential flakes of plate 1

or bullet material, On the other hand, it ia plerced by

the pointa of darts commonly thrown behind the plate in

3C degree or yawed bullet testing, by plugs from hard

ateel plates, and by jacket fragments in high obliquity
measurements, Ulthin the precision of other features of
the worlk, conslderable latitude in the quality and thlck-
ness of the fragment indicator was allowable., A .06"
thickness of 24 ST aluminum fragment indicator was not
consistently used in all of tho data furnished in this re-
port., Occaslonally 0,049" 24 ST Aluminum was used and

for a time 1/2" plywood was tried so as to provide oasler
identification of material thrown to the rear of the plate,
The Cal 30 small pendulum and yawed bullet limits were
measured using a ,032" 24 ST screen. The velocity of
thrown pleces appeared to change rapldly with striking
velocity, In general, it is felt that whether the limits
of this report are called ,032" 24 ST protection limits,
+06" 24ST protection limits, or 1/2" plywood protection
limits makes no practical difference. The limits measured
for tracer and ball bullets may be exceptions to this
Statement, For these projectiles at high obliquity,

Jacket fragments were thrown through the bucking screen at
veloclities unusually far below the veloclty required for
penetration by the major portion of the projectile,

19, Plate 10 shows the result of a large number
of 100 yard range firinzs through tipping screens at a
3/8" plate fine grain Ni-Cr Carnegle tank armor. The armor
plate is of the usual STS composltion, oil quenched and
drawn to 265 Brinell hardness, Three arrangements using
1/8" 24 ST Aluminum at 4 ft, 6 ft, and 8 ft in front of
the 3/8" armor plate were used, these distances having
been chosen from inspection of the curves shown in
reference (e). The Aberdeen results indlcated yaw should '
be decreasing most rapidly at about 6 ft behind the 1/3" i
24 ST tipping screen, Sheets of plywood and masonite and
of ,064" 24 ST Aluminum at small angles were used in
additional firings in a search for nethods of yawing
bullets with closer control of the yaw, lNone of the .
arrangements shown on Plate 10, however, give closely pre-
dictable amounts of yaw,

20, It was noticed that the probability of
obtaining large bullet vaw from a tipping screen was best
when the bullet struck near the edge of a previous open-
ing, This led to a series of tests with thin gratings
for tipping screens. The results are shown in Table &
and on Plate 15, Here again, although Increasod average

|
i B o |
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yaw may be obtained with lighter screens, the amounts
of yaw obtained are not closely controlled. Cal 50 AP
Ml bullets at service velocity and 100 yards range were
used for these tests. Bullet deformation rendered the
yaw measurements uncertain In the case of the 1/8" un-
perforated 24 ST sheets at 70 degrees obligquity.

21. A method of obtaining good control of yaw
was, at length, found in the use of light plates placed
near the gun so that the bullet was upset by passing
through the edge of the light plate. This method of pro-
ducing yaw, while the most efficient of all in terms of
required weights of tipping screen for a given degree of
yawing, is, of coursc, quite impractical for use in air-
craft as a means of Improving light armor protection. . |
Nevcrtheloss, as a laboratory method of controlling yaw |
for the purposze of measuring penetration by yawed bullets,
the method is most useful.

22, All of the protection limit versus yaw
Curvcs other than Plate 10 were obtained using & small
ballistic plate, testing-type pondulum, end Cal 30 AP M1

bullets, The distance from tipping plat~ t> “he armor
sample was maintained at 12} inches, The . velopmont of
yaw was nearly linear with distance, The zo-rection for

the separation of yaw card and plate was spprliied with about

1 degree Agecuracy., At the time of impact wi:h the plate,

the bullet yaw was ingreasing at a rate about proportional 3
to the magnitude of the yew at “ha £ime of impact, Tor |
45 degrees yaw at impsct and 20G70 ft/sec this rate is g
about 3.6 degrees per inch »f bullet movement or per

4x10-5 segonds of time, Since, noar the plate limit at

these conditions, the bullet turns and slaps flatwiase

against the plate in a smaller interval of time, the mo-

tion of the bullet at impact should be dominated by the

impact forces to such an extent that the rates of yawing

used in these tests are of small importance with respect

to plate penetration, Additional tests are planned in

order to determine the magnitude of the rate of yawing i
effect upon limit measurements,

23, At normal and 30 degrees obliquity, steel :
armor pﬁ%;; limits are not measurably different for Cal
30 AP M1 and Cal 30 AP M1, Against aircraft homogen- i
eous armor the Cal 30 AP M2 bullet has not glven consis- |
tently lower 1limit velocities. than the other Cal 30 AP
bullets, particularly at 300 obliquity or against defec-
tive plate. At 70 degrees yaw amainst 265 Drinell 1/0"
ST3, the bare Cal 30 Ml dart penetrated at about 200 rt/sec
less velocity than was required for penetration when the

DECLASSIFIED



TP

T R e

Bus SEEm W o= e — —

full jacketad M1 bullet was used, In view of these facts,
the M2 bullet with its heavier jacket and lighter dart
may, at high yaw, penetrate with relatively greater diffi-
culty than other AP bulleta, On the whole, it is felt

the evidence indicates remeasurements of the Cal 30 AP Ml
limit versus yaw curves of this report, using Cal 30 M2 AP
bullets, would be likely to result in increased rather
than decreased limit velocities and that the difference
from Cal 30 AP M1922 results is probably small.

24, The Jeasop experimental armor for which
data is shown in this report, was obtained from the Jessop
Steel Co, in the form of four - 36" x 38" plates, heat
treated to about 380 Brinell hardness, one plate each of
174", 5/16", 3/8" and 1/2", It is understood the composi-
tions of these plates are similar. As measured at the
llaval Research Laboratory the composition of the 3/8"
plate is as follows:

C Mn S1i Mo ni Cr Va P ]
w0l 1,43 " .29 «44 12 «74 ,004 «01 02

Limit versus yaw curves were measured using SmaPles from
the 1/4" and 5/16" plates of this group. A 1/4" Jessop
plate of better quality was furnished by Light Armor,
Naval Proving Ground, The results with samples from this
plate, which 1s of the Cr-Mo-Va typo (.48% carbon), are
shown on Plate 12, The advantage of the better plate
Quality at angles of yaw is worth noting,

25, The yawed bullet limit measurements in the
ballistic pendulum were performed on 4" x 4" sections of
the selected test plate, These samples were held in
place with wooden wedges in a manner similar to that used
for collecting the data of referenceé (f). For the data
of reference ?f) the plates were blocked against the front
pair‘'of steel pillar supports. For the work of this re-
port, the plates were blocked against the central pair of
Steel pillar supports, Sheets of 032" aluminum alloy
(oither 17 ST or 24 ST) were used at a distance of about
two inches behind the test plates to indicate fragments,
Yaw was measured at 13" in front of the test plate. The
usual yaw card was photographic paper.

26. The yaw versus limit curve shown on Plate
10 has been drawn in without allowance for possible errors
due to the four inch yaw card to plate separation and as
if the penetration is not affected either by the method of
producing yaw or by the tipping screen to plate distance,
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The points on Plate 10 show no evidence that the decreas-
ing yaw phase, which would be present in the tests for

6 feet screen to plate, is more favorable to plate penetra-
tion than the nearly constant yaw phases predicted by
reference (e) for the 4 ft and 8 ft separations, Four
rounds in the neighborhood of 2640 ft/sec and 24° yaw and
two rounds at about 2770 ft/sec and 29° yaw suggest the
relation between plate penetration and angle of yaw is

less definite in this region than along earlier portions

of the curve., Plate 14 shows the largest dlameter of the
shadow of a Cal 30 AP !l dart projected normal to the
trajectory at varlous degrees of yaw. Since the smallest
diameter of the shadow projection is ,255", a constant,
this curve 13 approximately proportional to the projected
sectional area of the vhole dart at impact as a function

of yaw, The shapes of the various yaw versus limit curves
so far measured all show a very rough similarity to the ,

T T T TR N

E_ curve of Plate 14, The large displacements to higher |
i velocity limits of the intermediate yaw portions might be ‘
® anticipated on account of the greater importance of bullet

turninz and bullet breakage in thiz reglon of yaw,

7. The warious tipping screens tried were

struck at 100 yards range with negligable yaw, It would

seem that when the tipning screen is at normal impact

there would be, for some rounds, no apprecladble offect

upon the bullet orientatlion of the screen perforation,

Of 56 Cal 30 bullets fired through 1/8" 24 ST Aluminum at

normal impact, only one round failed to show measurable

yaw behind the tipping screen. Less than four degrees of

yaw was _recorded for a total of four rounds from this group. !
& ~ Tables and show a summary of the tipping screen results.
[ Plate 15 compares the average yaw obtained with perforated
and unperforated high obliquity tipping screens., Apparent-
i ly values of e} sec e/d in the range .20 to .25 cause
K severe deformation of the AP bullet jacket and may in some
' cases tear the jacket loose from the steel dart. When
severe bullet deformation occurred, the yaw could not be
accuratoly measured, Direct overall tests with armor bo-
i hind the tipping sereen would, in these cases, be nccessary
' in any event in order to estimate the valué of the tipping
screen in terms of protection from bulletas,

4 Plate 4 shows variation of S1w1th sy sec o/d
and plate 5 shows variations of Pywlith sin<e for 24 OT
Aluminum, These graphs are included in order to complete
through 77 degrees obliquity the corresponding curves preo-
sented in roference (d). -

29, Plate 7 was prepared from the Plate O curves
'

« 10 =
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with the ald of the trigonometric relation plotted

Plate 6, A function, E, is plotted on Plate 7 which
believed to be more appropriate than the simpler Py func-
tlon when comparing different materials for use as deflec-
tor plates, E 1s the limit energy In ft 1lbs at 1ts
minimen within the desired cone of protegtion divided by

. { !

equivalent steel volume in foot (inches)® within the pro-
: tline of the bullet dart considered traveling

alonz the axis of the cone of protectlion,

30, Mleasurementa of ,06" Dural protection limits
P llets apainst 24 ST Aluminum

with Cal 30 and Cal 50 AP bul
t high oblligquity resulted in a serles of limit determina-
ions Jor 70 and 77 degrees obliquity., 'hese determina-~
tions form a amooth 70 degree obllquity F, versus ej sec
e/d curve, At 77 degrees the effects of proximity of
impacts to plate 1u-norts and, possibly, of Iirregular

bullet deformation led to a set of points on the P, versus
@) sec o/ plot of much greater scatter, In order that a
amoothed set of values mi~ht be avallable for further
analysis, a curve, somevhat conservative from the avera’ e
protection standnoint, was drawn through the 77 degree
points roughly parallel to the 70 degree curve,

o1, The trend toward higher P, values with in-
creasing obliquity of 24 ST Aluminum i1s maintained from
60 degrees to 70 degrees obliquity. At 77 degrees obliquity

P; values In some cases less and in some cases much greater
than those for 70 degrees obliqulty were observed

o2, Among the irregularities observed in 77
degree obliqul.y testing was a higher limit for ,185"
24 ST Alclad against Cal 30 AP M1922 bullets than for
plain .185" 24 ST against the same bullet, All other
comparisons of Alclad with uncoated 24 ST show the latter
resists penetration better by a considerable margin,
Information from Yright Field indicated the penetrating
abilities of very different bullet types at high obllquxty
on aluminum alloy plates were about equal. This result
has been roughly verified, Table 3 shows a few measure-
ments of protection limits with ball and tracer bullets
and one limit with Cal 30 AP M2, On the basis of protection
velocity limit alone the Cal 30 tracer bullet would seem
to bo the best and the Cal 30 AP M2 bullet the worst high
obliquity penetrators of 24 ST aluminum plates. It may be
noted, however, that the major portion of the projectile,
particularly in the ecase of the tracer bullets, did not
paas through the plate except at velocities well above the
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listed protection limit,

33. A dependency of plate penetration upon the
manner of plate support was noticed in the 77 degree
obliquity measurements, Two limits shown in Table 1 were
measured using a different span of plate support for each
limit and with the impacts approximately centered between
the side ralls supporting the plate. A ,102" 24 ST plate
was cut into 18" long sections and mounted on a 9 inch
span between the supporting rails for one limit and upon
a 4 Inch span for the other limit, The section which was
held on the 4 inch span had a lower limit by 80 ft/sec than
the section mounted on the 9 inch span., From the view
point of plate mounting the 77 degree Cal 50 limits may be
considered similar to Cal 30 limits for plates mounted on .
& 4 Inch span of supporting rails, It will be noted these
points are somewhat low in the F, graph of Plate 3. A
decrease in the plate support effect with increasing velo-
city is to be expected,

34, The analysis of 24 ST Aluminum deflector
plate possibilities shown on Plate 7 suggests 70 deprees
obliquity to the axis of the cone of protection as a favor-
able angle of mounting the aluminum alloy shield. 1In
addition, the curves shown demonstrate the rezular loss In
advantagq of deflecting type armor as the angular range of
of the expected attack is increased, The E curves of
Plate 7 for a 30 degrees included angle cone of protection
lie entirely lower than average good quality face hardened
armor at normal impact, Other factors than those included
in the preparation of Plate 7 should be considered in
making comparisons of weight efficlencies of protection.
For example, 1f the function of the protection is to pre-
vent penetration of an enclosure there may be, as with the
deck of a ship, a very restricted choice for the angle’of
mounting the armor. On the other hand, deflection of
bullets may in some positions. cause excessive damage to
other vital areas, In many cases it may be possible to use
the weight of aluminum fusilage covering as part of a de-
flecting type armor arrangement, -

35. The diagram of Plate 14, whlich shows approxi-
mately the projected dart area as a function of yaw, is
sugsestive of the general shapes actually found for curves
of yaw versus ,052" Dural protection limit, It s, however,

difficult to ascribe much significance to this similarity
in view of the widely changing character of the penetration
event as yaw Iincreases, Each of the yaw versus limit

curves may be conveniently divided into three main sections.
These are a section nelshboring on gzero yaw where variation
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of limit velocity with yaw is nearly linear, a sectlon
enerally above 50 degrees yaw in which the velocity limits
o not change rapidly with yaw, and a connecting section
between these two In which change of limit with yaw 1s
rapid, In the first of these throc sectlons the process

of penetration is mainly of the ductile petalling type on
the types of armor studied in this report while in the

: high yaw section a punching action oceurs, The change from

v a pointed penetrator at small yaw to a blunt penetrator at

high yaw is accompanied by a drop in striking onergy of

the bullet dart at velocity limit per unit velume punched,

The volume referred to by thls statement was estimated
from Plate 14,

el

36, The dominant factor along the connecting
middle portion of the yaw versus limit curve appeara to bde
break up and turning of the bullet dart, The different
measured curves show a variety of shapes in this region and

g the prediction of penetration from a curve is leas reliable,
[ Plates ©, 10 and 13 show examples of the type of scatter

& one may anticipate along the mlddle section of yaw versus

5 protection 1imit curves,

37. A considerable jacket effect upon plate
penetration by small caliber AP bullets occurs at high as
well as at low yaw. At 70 degrees yaw the bare darts
from Cal 30 AP M1 bullets gave a lower veloclity limit by
210 ft/sec than was measured using the full jacketed bullet,
A jacket effect in the opposite direction of 160 ft/sec ;
was measured for .122" equivalent steel thickness of 17 ST ;
Aluminum. One eighth inch STS appeared 360 ft/sec superlor -
to an equivalent weight thickness of 17 ST Aluminum against
Cal 30 AP M1 bullets, but where only the darts from these
bullets were used as the penctrator, a negligable difference
was found,

T R N R T ek T e

=i s

38, Plates 11 and 12 show large diffeiences in
penetration resistance against yawed projectiles, These
differences, which favor the .48 percent carbon Cr-No-Va
plate, exceed any amount which might reasonably be laid to
the thickness variation between the plates, Vhether one
compares the 1/4" high carbon Cr-Mo-Va plate with the 1/4"
experimental Jessop plate or with the 5/16" experimental
Jessop plate, the percentage difference in plate guality 1s
least at zero yaw and greatest at 20 degrees yaw.

brs o
- o

39, The tipping screen trials, excent for those
used in measuring yaw versus protection limit for 3/8"
STS, were made at large angles of obliquity with Cal 50
bullets, The plan in mind was the investigation of single
sheets for covering fusilages as a means of causing yaw

DECLASSIFIED |
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and bullet deformation, Some advantage may attend this
method of usling bullet tippin: material since the weight

of material in the usual fusilage covering can form a

part of the tipping screen and, in addition, the thickened
fusilage skin might prevent a number of Cal 30 projectliles
from entering the fusilage. One disadvantage of the method
is that higher average yaws per unit projected weight of
tipring material have been obtained using tippers mounted
at low obliguity than at high obliquity. One hoped-for i
advantage which has not as yet appeared is that small yaws f
may be eliminated elither by asymmetry of the high obliquity

impact or by the inhomogeneity of perforated sheets., The

yaw values for perforated screens at high obligquity in-

cluded about the same range to low values of yaw as was

found for solid screens either at high or low obliquity.

40, At 70 degrees obliquity there is no queation ’
but that perforated 24 ST Aluminum tipping screens can be ]
more efficient than solid screens of the same material and
equal weight both for average yaw produced and for damaging |
projectiles. Arrangement of the holes in a hexagonal |
rather than rectangular lattice should increase the margin |
of superiority of the perforated screens., A conslderably
larger improvement may be obtainable by increasing the size
of the holes. WNelither the effect of hole s ize nor the low
obliquity performance of perforated tipping screens have
as yet been studied,

Conclusions and SummarI

4], Hish obliquity aluminum alloy limits and yaw
vergus limit curves were measured using thin Dural fragment
screens behind the test plate, Tracer bullet jacket frag-
ments presented some difficulty, otherwise the fragment
screen type limits were measurable with satlsfactory pre-
cision,

42, Sufficient control of yaw to permit measure- B
ment of yawed bullet protection limits on about the same
basis as obligque angle limits was obtained by cloae range
firing methods,

43, The yaw versus protection limit measure-
ments for homogeneous armor plates showed a change from
petalling type plate penetration at low yaw to punching
type plate penetration at high yaw. The usual uncertain-
ties where fracture and turning of the bullet dart is an
important factor appeared in the regions of intermediate
amounts of yaw,

-
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Protection Limitsl at 70° and 77° Obliquity,
Cal 350 AP M1922 and Cal SO AP WMl, 24 ST Aluminum,

- 70° -
' pastimated] Bullet ey 8ec @ r P ! Round
5 Gross Cal.Type ‘—lﬁa—*-— . e W
0,091 11430 s 25 L 30=-1922AP + DT 49,400 980 D004l
P 12651 1305 - 30 » 2 + 018 52,900 1123 DO046
0.183 2335 = 40 » " o 790 56,800 1300 LO0S2
©.248 |2775 = 30 " 4 1,016 08,100 1958 DO062
0.250 2025 = 40 50 M1 AP «610 54,700 1201 D1012
| }
- 7° .
|
090 11835 = 25 e 20=1022AP « 560 41,950 1074 DOO&a
«102 |2180 = 40 " . + 6356 46,800 1OSY DO0OS
125 12680 = 30 v » . 778 52,000 1650 DOO75
.183 2950 = 35 o " 1.139 47,300 1365 DOO78
0.185 |2090 = 30 l.50 M1 AP . 686 43,100 1138 D1000
«250 {2615 = 30 v " « 927 46,400 1318 D1008
.102 21001 = 30 {30-1922aP| .635 | 45,100 1240 D0025 |
i

1 Limits are based on use of a ,06" 24 ST fragment screen
4" to 12" behind the impact.

4" span plate support. All other 77° limits are wi‘h
9" span plate support; all 70° limits are with 7" span.
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