DECLASSIFIED

gYARMM

NAVAL RESEARCH LABORATORY

DECLASSIFIED by NRL Contract
R E P O R T Declassification Tean

Date: /2 (MIAY Zots

Rew?wer’s s A THOMPSN,

L HANNs

Declassification authority: NAVY DECLASS

MANUAL, lidge ;ﬂ;&, & ,2}_'_& /€3

23 May 1939

Impact Testing with the
Parts from Caliber 50 4P Bullets

Fe-isad

EY .
Geerge R Irwin

R, Alden Webster

Report  lio, €-<153%

DECLASSIFIED
NAYY DEPARTMENT
OFFICE OF NAVAL RESEARCH
NAVAL RESEARCH LABORATORY
WASHINGTON 20, D. C.




DECLASSIFIED

23 May 1939 NRL, Report No. O0~1534

L

NAVY DEPARTMENT

BUREAU OF ENGINEERING

Report of

Impact Testing with the
Darts from Caliber .50 AP Bullets

NAVAL RESEARCH LABORATORY
ANACOSTIA STATION °
WASHINGTON, D.Ce.

Number of Pages: Text = 10 Plates - 4

Authorization: BuOrd. 1tr, 313-1(4/173)(Q8) of 13 December 1934.
Date of Test: November 1938 {to April 1938.

Prepared by:

Ceorge R. Irwin, Contract Employee

R« Alden Webster, Assoc. Elsctrical Enginser

Reviewod by:
Roass Gurn, Pr.Phys., Supt., Mschanics
and Electricity Division,
Approved by:
H. M. Cooley, Captain, USN, Director
Distribution:
BuOrd. (5)
Buzng. (2)
I e———
bma

DECLASSIFIED



’ RPN et e - P A

< DECLASSIFIED

ABSIRACT

This report describes in detail a method of testing samples
of armor with the darts from caliber .50 AP bullets, Improvements
in apparatus and technique have been made since such tests were
used with calibsr .30 AP bullets, reference (b), for another purpose.
By use of the equipment and methods described in this report, 1/2%
armor sanples may be subjected to high speed penetration by a hardened
tungston stool dart, 0.427" diamoter, 412 greins woight, and the

impact volocity roquirod for ponetration measurcd to an accuracy of
at loast 1%.

Rosults of tosts porformed on 24 samples of various armor composgi=-
tions and hoat troatmonts furnishod by throo stosl companies are
tabulated. Nine principal sources of error are discussed and the
probable magnituds of their effect verified with experimental data.

Lack of similarity ie considered great enough to prevent an
exact model type correlation between dart impact test results and
plate limits determined at the Naval Proving Grounds. The described
mothod of testing emall armor samples is, nevertholess, an accurate
and o vory appropriato impact tost for armor matorial, and its use
by manufacturers of armor plato is rocommendod.
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AUTHORIZATION

1. This problem was authsorized by reference {u), and
additional referances pertinent to this problem ars listed as
(b) and (C);

Reference: §a§ Bu.Ord. ltr. 513-17/4/173)(Q8) of 13 December 13934,
b) NRL Report No. 0-1438 of & April 1938,

(¢) BuOrd. 1tr. S13-6(1509)(Ql1) of 25 March 1939.
INTRODUCTION

2, Following Naval Research Laboratory Report No. 0-1438
of 6 April 1938, outlining the effect of the jacket of caliber ,30
AP bullsts upon penetration of steels, the use qf impacts by small
caliber AP cores or darts was proposed as an improved physical test
of largs caliber armor plate material. In view of the fact that
armor plate menufacturers at ths suggestion of the Bureau of Ordnance
have announced their intention of using dart impact tests, the Naval
Ressarch Laboratory has made the additional impacts with caliber 450
AP bullsts necessary to the dovelopment of such testing into a
standard reliable mothod, in order that guch tests may be of uss in
tho prosont Naval building program.

3. The possibility of accumulating information of general
interest to the light armor studies and of special wvalue to the
heavy armor improvement progrem es well, furnished a double motive
for performing the experiments required for this report. Very
little firing with caliber .50 AP bullets had previously been included
in the light armor program, By msans of the tests deacribed in this
repart, it was possible to verify the extention of conclusions
regarding the effect of the jacket upon penetration from caliber 30
AP to calibar .50 AP bullets, and to observe the amounts of breakage
which occurred under variocus conditionas of impact. Compkte chemical
analyses and physical properties were furnished by the steel
companies, thus assisting investigation of the effect of these upon
rasistance to penetration. In addition, various improvements wers
made to the apparatus and technique of plate testing which are of
gonoral intorost to tho light armor program.

4. It is not nocossary to omphasize tho nood for an . |
improved physical tost that can be easily applied to a small semplo
of armor material in order to judge its quality. It is hoped that
tho high epood impact tost proposed in this report will go far
toward filling this nood. Accuracy of tho data obtainod and useful
intorpretation of such data roquirc an undorstanding of tho possible
gourcoes of orror end tho limitations which portain to tgsting with
tho darts from AP bullstss Although the limitations aroc loss than
for notched bar tests such as the Charpy and Izod, they are still
sufficiently restrictive to require caution in the interpretation
of results,
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4 5‘. In favor of testing with caliber .50 AP daris, it can
h&rfairly 2nid that an impact test upor a leboratory sizs sample
¥hich tests resistan~e to high speed penetration is more appropriats
for emuor plate trar the usual tensile, Charpy, and Izod tests.

As doscrited in this report, euch a test can bo mado equally reliabls
with rospect to repstition of results upon ssveral samples of ths
game mmterial. Morsover, with accumulation of datm, the proposed
teats can be expoctad to load to e botter undorstanding of tho
factors which control registance to full scalo impacts.

6, Sarples of standard STS zarmor composition and of other
compnsitions under consideration ifor use in armor plate manufacture
wore received from Hidvale, Carnegie, and Bethlehew stesl companies,
The stripped calibar ,50 AP cors impacts, made upon thess platos,
provided tho data for this report. Two groups of annealod boilor
plato, a sempl: of 1010 stool and soveral samplos of 1035 stool
(furnished gratis by Bethlehem Stes] Compeny), were tried as stripper
plates to remove the jacket from the caliber .50 AP bullet. The
armor test platss were 1/2 inch thick and the etripper platos about
3/% inch thick. During the coursc of the firing program, improvements
worc rmds in thoe recording indicator of the ballistic pondulum, the
effoct of small emounts of yaw at impact was studiod, and caliber
.50 loading deta worc mssomblod.

LETHODS

T The projectiles used were Model 1323 caliber .50 AP
bullets averaging 755 grains weight for the full bullet. About 90
per cent of the darts of these bullets weighed within 0.5 per cent of
412 greins end all msasured 0.427 inch diameter. Loadings at 7-1/2
grein intervals from 115 grains to 160 grainsg of DuPont IMR 4320
powder gave velocities at 100 yards of from 1700 feet per second to
2300 foot por socond as is shown on Plaeto 3, Figure 1.

8. The celiber .50 AP bullets were fired in a Mann barrsl
at 100 yards in the enclosed range at the Navasl Research Laboratory.
Impact velocities of the full bullets were meamsured with an Aberdeen
chronograph, the chronograph screens boing 18 feet and 34 feet in

front of thc test plate. A 120-pound ballistic pondulum was used to
rocord romaining wvolocitios.

9. To mako & tost with stripped calibor .50 AP darts, a wmild
stcol strippor platse gonorally 3' x 10" x 3/4", was fastoned to the
platc mounting eccuratoly normal to the trajoctory of tho bulloets.
Ths 1/2=inch tost plato was thon fixod 2 inchos bokind tho 3/4-inch
strippor plato by moans of C clamps and 2-inch wood blocks. Impacts
worc mado against tnc two plats combinagtion until tho limit volocity

(Vl) wag obiainod by the “bullot through with zoro romuining volocity”
criterione Tho tost plate was ramovod and impects mado against tho
strippor platoe ot volocitics in tho noighborhcod of Vi. Tho objaet
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was to deduce the remaining velocity (Vo) of the AP dart just sufe
ficient to penstrats the test plate. It was found that, when the
regidual velocitiss of the dart bsyond the strippser plets as
measured by the pendulum wers convsrted into foot pounds energy,
the differoncos betwesn this rommining energy and thec snorgy of tho
dart at impact hold about constant for tho renge of volocitios,
450 foot soconds usode. Tho onergy absorbod from tho dart by tho
strippor platc was found with sufficiont accuracy by avoraging
rogults from throo roliablo impacte. GSubtraction of this sbsorbod
onorgy from tho impact onorgy (E;) et tho limit of thc two plate
combination yiocldod the dart onorgy (Eg) Just sufficiont to ponotrate
the test plate,

10. The merit coefficient for the plate tested was deduced
from the formala,

re (ZYa) = (2
o? d 0d?

where © is the mass of the dart, V2 is the remaining velocity of the
dart after it emerges from the stripper plate, e is the thickness of

the test plato, 4 is the diamoeter of tho dart, g is tho accoleration
of gravity, and Eg ie tho remaining enorgy of tho dart aftor it has
gono through tho strippor plate. Tho units owmployod arc mass in

pounds, volocity in foot por sccond, longths in foot, onorgy in foot
pounds .

DATA OBTAINE

11. Strippod dart limits woro obtaincd upon twonty~four
1/2-inch thick samplos of prospoctivo armor plato compositions sube
mit tod by Midvalc Stool Company (5 samplos), Cernogioc Steol Company
(13 samplos), and Bothlohom Stool Compeny (6 samples). Additional
platos from Midvalo Stool Company wore roceivod too lato for immodiato
tosting. Tho rosults aro tabulatod on Plate 2, togothor with
choemical compositions and physical proportios.

l12. There are nine principal sources of error which must be
considered. These errors which will presently be discussed are in
addition to whatever random variations may exist in enorgy absorbed
from the core of the AP bullat on mccount of variations in strippsr
plate quality or on mccount of variastions, other than weight, of the
bullets. An analysis of the nine errors and comparison of their
prebable magnitudos with the actual scatter obtained in dotormining
a stripper plato calibration curve reveals sufficiont agresment
botweon calculatod and obsorvod scattcr that any othor orrors prosont
must bo of rolatively small magnitudos.

’ o 25 XN
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13. Possibly the largest uncertainty present in the date is
asgociated with the Aberdeen chronograph velocities. The magnitude of
this error can be reduced through purchase of an instrument of bsst
modern design. The principal defect in the Naval Ressarch Laboratory
Aberdeen chronogreph is the variation in the path of the spark from
the point to the rotating drum. Using a l6~foot bmse length, velocitlss
in the neighborhood of 2000 feet por second are uncertain to the extent
of #10 feet por socond. This loads to #40 foot pounds or 2 por cent
posaidlo error in celculatod onorgy of the dart after passing through
& 75" strippor plato. It is prodable that rocont models of the
Abordeen chronograph aro capablo of at lsast 5 feot por scocond
acouracy for a l6=~foot baso longth.

14, Variation in weights of darts ie a loss froquent source
of error. More than half the caliber .50 AP bullets used at the
Navel Research Laboratory weigh from 753 to 756 greins. However,
somes have been found to be as light mas 750 grains and some as heavy
a8 758,5 grains. By sxtracting and weighing a set of AP darts from a
waighed set of bullets, it was found that the weight of the dart can
be predicted rathsr accurately in terms of the weight of the whole
bullet. The results are shown on Flate 3, FPigure 2. It appeared that
within #.75 grains the following formule represented the weights of
the darts:

¥y = 412 graine + (W, =~ 754.5 grains)

wherse Wy is the weight in grains of the dart, and Wy, the weight in
grains of tho bullot. Unfortunately, the variation in dart weights
and tho mosne of ascoriaising dert weight by woighing tho bullote

worc not discovored prior to ¢olloctiom of tho data in this report,
The offoct of a l=per cent hoavier than average dart, if unknown and
not corrected for, is to produce a 60=foot pound (3 per cent) error

in the stripper plate calidration curve, The variation in core
weights present in the data for this report should have produced an
average random error of about +25 foot pounds, bul occasional errors,
a8 large as 120 fool pounds, dus to prejectils welght, are understand-
able. The proper method of procedure to reduce this error is, clearly,
to weigh the caliber .50 bullete before loading and doduce the dart
woight from a predotermined equation such as the oquation for Wy

givon above. '

i5. Tho largost convemiont longth for the radius of tho are
doscribed by tho Naval Rosearch Laboratory pendulum was 72 inchoes.
With the longth of susponsion limited by the ceiling of tho target house,
it wes necossary to meko tho weight of the pondulum small onough so
that roadings of tho defloction to #0.02" gavo n pufficiently accurate
moasure of tho rosidual volooiiy of the AP dart., On account of
vibration and tho poseibility of not stopping highest volocity
projoctilos, a pondulum wodght of at least 115 pounds is rocommondod.
With tho 120epound pondulum weight and 72~inch susponsion usod at

w : S g
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the Navsl Research Laboratory, the dart of & caliber .50 AP bullet
striking the pendulum with 1500 feet per second velocity caused a
deflection of 4 inches. Thus residual velocities of about 1500
fost per second of the caliber .50 AP dart could be measured to
48 feat per second (1/2 per cent) and the calculated residual
energies could scarcely be in error by more than #20 foot pounds
due to the pendulum roading error.

16, As AP darts aro fired into the pendulum, tho pendulum
woight incroases. For a 120 pound pendulum tho error, through
neglecting this weight increass, amounts to aboult 1 per cent when
twenty darts have been added to the pendulum block. Since the
pendulum blocks used at the Naval Research Laboratory did not require
replacement prior to receiving some forty darts, the pondulum constant
usad for calculating residual velocities was corrgected continually
for change in pendulum weight and chocked at convenient intorvals by
woighing the whols pondulum, Such a proceduro oliminated any signi-
ficant orror duo to changos in pendulum mass.

17, Tho ballistic pondulum swings so that ocach point of tho
pendulum describeas an equal 72=-inch radius arc about a center directly
over it, Thus the measured movement of asny part of the pendulum
gives the movement of the center of gravity. However, on account of
vibrationas, the part of the pendulum whose motion is measured should
be a8 close as convenient to the pendulum's center of gravity. On
the Navel Research Laboratory pendulum the displacement iz moasured
by means of a collar sot back adout 10 inches behind the center of
gravity of the pondulum. A polishod rod 8 inches in longth and
1/4 inch in diemeter, fixod parallol to the motion of the pendulum,
projects through e 3/8-inch oponing in tho collar. Tho collar movos
a light slidor along tho rod. Friction of tho slider against tho rod
brings it to rost at tho ond of tho backward swing of tho pondulum.
Bincc tho pendulum motion is rolativoly slow, changing from about one
foot por socond to zaoro volocity at tho ond of tho swing, tho friction
of tho slider against tho rod can and must bc mado vory emall. Early
measurenmsnts including some of the data in this report, were taken
before the posasibls errors from slider friction were apprsciated and
the friction reduced to a negligible amount. Analysis carried through
for the Neval Ressarch Laboratory pendulum shows that the per cent
arror in calculated residual velocities is about 4 f/s, where f is
tha average slider friction in ounces and e is the pendulum deflection
in inches. Tho following was a satisfactory method of adjusting the
slidor friction. The rod and slidor wore romoved from the mounting and
placod in a vortical position. Woighte woro placed on the slidor and
tho friction adjustod by lapping and otherwise relioeving contact
baotwoon tho elidor and tho polishod rod. Adjustmont was considorod
satisfactory whon tho starting friction wes lose than ono ounco and
the sliding friction no moro than 1/4 ounco.

18, The Naval Research Laboratory pendulum in its present
improved form appears to respond satisfactorily to impacts as far as

D DECLASSIFIED
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8 %nches away from the center of the face of the pendulum. Unless
this result is given positive confirmation upon the instrument to
which it is applied, impacts should be nimed 80 us to strike the
pendulum fecs within a circle of somewhat smaller, say S=-inch,
radius about the center of gravity of the pendulum.

19, When a caliber .50 AP penstration is made et mbout 2000
foeel per second velocity in & pisce of .75" mild steel of the type
used for strippor plates, plate deformation and work hardening
offects can be detocted as far as 1 inch from tho contor of the
porforation. If & socond porforation is mado so that thoc contor
linos of tho two porforations erc 1~1/2" apart, tho romaining
volocity in tho cassc of tho socond porforation doos not diffor
measurably from that in the case of the first penetration in spite
of overlapping of the cold worked zones. A perforetion which has less
than the above 1'1/2-inch separation from a previous impact may show
either more or lsss than the average abasorbed ensrgy.

20. It is important that the projectiles strike the stripper
plate with small or zero yaw. The effect of yaw is to change the
direction of ths trajectory of the dart and give it verious amounts
of rotational momentum about a transverse axis. Tests were mado at
the Naval Ressarch Laboratory in which a piece of fabric board wes
placod so as to moasurc tho amount of tumbling of tho darts 6 inchos
bohind s 75" mild stool strippor plato. Tho turning wns loss than
3 dogroos, tho minimum yaw moasurablo, in 80 por cont of the ponotra=-
tions. Notice waz taken during collection of the date in this report
of deviations of the dart trajectory as shown by alignment of holes
in the stripper plate with those in the face of the pendulum block.
The deviation averaged less than 2 degrees from the trajectory at
impact in 75 per cent of the penetrations. Impacts which show tho
offact of conaiderabls amount of bullet yaw at impact are of no
benefit in dotormining the accurate limit velocities and residual
valocitios noodod for tosting with calibor .50 darts. Tho numbor of
impacts wastod for this roason cen bo roducod somowhat by adjustmont
of thc Abordason scroons so theat eoveral inchos of flat scroen aroa

around tho oxpoctod porforation arc perpondiculer to thec trajoctory
and froo from othor porformtions. :

21, Assigning probable errora of 25, 25, 15, and 10 foot
pounds respectively to errors csused by Aberdeen chronograph record,
projectile weight variation, pendulum reading, ang other effects, one
anticipates an average scatter of the order of 440 foct pounds in
absorption data plotted for a stripper plate of uniform quality and
thickness. to 4 shows results of an experiment performed with a
goction of stripper plete selectod upon the basie of bast provious
results and porformod with offocts of slider friction and of bullot
yaw minimized., Elovon impacts woro porformwod. Oreimpact was wastod
through failuro of tho volocity rocording oquipmont. Tho impact which
had groatost (2 dogroos) doviation of tho dart trajoctory gavo an

Gl -
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ensrgy absorption 200 foot pounds less than did other impacts at
naighboring velosities and was disregarded. The remeining nins
impacts are well represemted by a straight line sloping toward
smaller energy sbsorptions et grester impuct energies. The average
scatter of the nine points above and bel ow this line is #42 foot
pounds in agreement with the emount anticipated in viow of the
precoding discussion of errors.

22. On sccount of the presence of slidor friction of unknown
smounte in all of the 1/2-inch test plate results, tho limit voloecities
on thoso plates are from 2 por cont to 4 per cent too low. Threo of
the Midvalo ssmplos were rotestod after a lapso of sovoral woeks
without obtaining appreciably difforont rosulis from those found in
their firet tosting. It thus sooms roasonably sortain that the
rolative porformance oxhibitod by theso toste can bo trusted within
the smounts of orror statod for oach plate, although the absolute

limit valuos may be somowhat highor them the stated limite of orror
pormit.

23.  The energy absorption curve shown on Flate 4 is very
slmilar to spergy absorption curves previously found for snnesled
boiler plate with caliber .30 AP bullets. The effect of the jackel
upon pemsiration for caliber .50 bullets must therefore be similar
to the effect discussed in reference (b) for caliber .30 AP Pullets.

24, Several attempts were made t0 determine limits with darts
et 30 dogrec olliquity. Unfartumstoly, the tungston steel core
brosks at this obliguity against STS piates aa thin as 1/4 inch.
Tosting with tungeten stoel coros must bo rostrioted 0 vory smil
obliquitiocs for the purposos of the impmet tost mothod doseribod in
this roport. In othor application whero tho semplos tostod are
intonded for protection againet small calibor AP bullote tho criticism
of hullet frascture does not apply to the oblique anglo testing as
long as thoe tost projoctilos aro similar to those oxposiod in servico.
In event the additionsl expense 48 considered jusiified, prejectiles
which do not breek at 30 degrees obliquity can, of courss, be
epscially mnufuctured. The impast methed, using normsl impect as

proposed in this repars, presupposes use of aversge Quality caliber
50 AP bullets,

25, The dest stripper plates tried wers anmnesled boiler
plates slighily under 3/4einch thick that averagsd ebout Brinell 100.
Samples of 1035 stesl furnished by Bethlohom Stosl Oompany, Brinell
163, gave fairly uniform rosults aftor ammoaling to Brisell 147.
Howevor, tho &P dart turmed during ponstirution of tho stripper plate
to such an oxtont that loss than 50 por cont of the immots agninst
this matorial wore useful for dost purpcecs. An annoalod sample of

\
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1010 steel was tried end found unsatisfactory. If the strippar
material is too soft the bullet hole incresses in size with the
impact velocity and may open sufficiently to allow parts of the
jacket to penetrate and strike the pendulum. A 3/g-inch 8TS plate,
Brinell 250, gave worse results than the Bethlohem semple of 1035
steel. SAE 1020 stescl annoaled should duplicato vory nearly tho
proportios of tho annealod boilor platos found most satisfactory
for uso as strippor platos.

28, Volocitios of from 1250 to 1750 foot por socond of the
calibor .50 AP dart aftor romoval of tho Jackot can bo obtainod with
the mothods and accuracy doscribod above. Highor volocitios can bo
obtainod if dosirod but ono must arrsngo so that tho boat-teilod
roar partion of tho projoctilo's coppor jackot doos not follow tho
dart through tho etrippor plato. This occurs at velocitics abovo
2200 ogainst 3/4~inch strippr plate matorial, but can bo provontod
by simply removing tho partion of tho jackot in quostion boforo
losding. Fivo bullots so troatod woro fired at volocitios of 2300
to 2400 foot por socond. Tho averago yaw at 100 yards for this group
was no moro than is usual for ordinary bullots. ;

27.  Tost spocimons of armor plato 1/2~inch thick arc rocom=
mondod., At this thicknoss standard typo STS armor at normal impact
has & strippod dart 1limit, about 1500 foot por socond, in tho middle
of tho rengo of wvolocitios convoniontly obtainod.

£8. Construction of n suitablo pendulum involvos choosing u
longth of susponsion and o woight such that tho oxpectod dofloctions
will bo oosily moasurod to 1/2 por cont and such that tho impacts
will not couso largo emplitudo vibrations of tho pondulum compononta.

In addition tho dofloction of tho pondulum should bo mocsurod as closo
a8 is convoniont to tho contor of gruvity. Tho satisfactory Naval
Rosoarch Leborztory pondulum woighs 120 pounds end hes ¢ wiro susponaion
systom designod to provant rotation of the pendulum and to ellow paral=-
lol motion in an crec of 72-inch radiua. Tho dofloction iz moasurod
cbout 10 inches bohind tho pondulum's contor of gravity by means of

cn indicator which slidos nlong a rod against epproximtoly 1/4 ounco
of friction. ,

29. For accurato work, bullots with loss than 2~dogroo ynw at
impact must bo usod. A good avorngo with rospoct to impacts with
smll yaw con bo ocbiainod by using o 100-ynrd rongo end chronograph
scroons mrde of light flot motal shoots. Ponotrction in strippor
plates should ba two incheos or moro apart. Whon ponotretioms in tho
strippor ploto como ns closo ce 1=1/2 inchos botwoon contors, tho
rosults mny still bo givon woight unloss tho trojoctory of tho dert
hns boon turncd. Impacts which show 2 degroos or mors of tuming
of tho dert trojoctory should bo disrogerdod in celeuleting limits.
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30. When performed under good conditions with respect to

the sources of srror described in this report, ths proposed impact
test method has the following features:

(a) One=half inch specimens are penetratsd at noarly
limit velocity,

(b) The projectile, a hardened tungsten steel dari, strikes
at normal impect with less than 2 degrees of yaw and
undorgoos no appreciable doformation.

(c) Tho limit velocity of an amor sample ie moasuraed to +20
foot por socond (1.3 por cont). '

(d)  Tho dart impact velocity usod is closo to 1500 foot
por socond for avorage 1/2-inch STS armor.

3al. The ballistic limit data available show no evidence of
important velocityedependent forces of the viscous type during high
apeed penetration of steel plates. This means that, in as far as an
impact upon an armor plate et Naval Proving Grounds resembles a
scalsd up model of the armor sample impmet test using the dart from
a caliber .50 AP bullet, one can anticipate the same merit coefficient,
Fy, for the dart test as for the full scale test. That such a simplo
correlation of the rosults of those two impuet toests is not possible
ie causod by the lmck of similarity of tho plates, projoctiles, and
obliquitios uscd. If tho armor plato does not have tho samo composition,
hoat troetmont, and grain siso in mll soctions, ono 1/2-inch samplo
cut from o choson soction of tho plate cannot bo roprosontativo of
all soctions. Any largo laminations prosont in tho plate could be
duplicetod only by chanco in thoe 1/2-inch eamples.

32. Judged as a scaled down copy of a major caliber armor
pisrcer, the 427" dart is too long, too heavy, has too large radius
on the ogive, and possesses neither cap nor windshield. Instead of
testing with an 8/d ratio of, say, 0.6 at 30 degrees obligquity, ths
dart impact test is made at normal incidence with an e/d of 1.17.

It is a surprising and interesting fact that in epite of such dif-
ferences, samples of dock armor and of somewhat harder STS armor
plates, when tosted with tho darts, gave merit coofficients of from
46,000 to 50,000 in agroemont with oxtrapolation of the Proving
Grounds F(o/d, 8) ve. 6/d curvo for major calibers and normal impact.

3. Tho dart impact test proposed abovo was not designed as
a small scalc tost of armor plato, but as & suporior physical tost.
Tho abovoementionod dissimilaritiocs in impeaet conditions will no
doubt rosult in somo disagreomonts botweon F coofficionts at full
scalc and those cbteinod with tho armor piorcing dart. Novertholoss,
tho proposod impnct tosts with darta constitute tho bost practical
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mathod now known of testing smll samples of heavy armor plates.
The testing of samples of armor plate with darts is accurats,
relatively simple, and measures ability to resist high speed
penetretion. Such & test has long been needed by armor manufac=
turers a3 e means of investigating improved chemical compositions,
heat treatments, and some of the causes of plate failures.

SUMMARY

34. This report described in detail a mothed of testing
samploa of armor with the darts from caliber .50 AP bullets.
Improvements in apparatus and technique have beon made since such
tosts wore used with calibor .30 AP bullets, referencoe (b), for
enothor purposc. 3y uso of the equipmont and mothods describod in
this roport, 1/2-inch armor samplos may bo subjoctod to high spood
ponotration by a hardonod tungston stool dart, 0.427" diamotor,
412 grains weight, and the impact velocity roquired for ponotration
moasurcd to an accuracy of at least 1%.

35, Rosults of tosts porformod on 24 samplos of wvarious
armor compositions and hoat troatmonts furnished by threo stool
companios aro tebuletod. Nino principal sources of orror are

discussed and tho probable megnitude of their offect vorified with
oxporimontal data.

36. Lack of similarity is conasidorod groat enough to provont
an oxact modol typo corrolation botwoen dart impect tost rosults
and plato limite dotermined at tho Naval Proving Grounds. The
doscribod mothed of tosting small armor samples is, nevertholoss,
an accureto and a very appropriato impact tost for armor matorial,
and its uso by menufacturors of armor plato is recommondod.
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