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Subject: Investigation of the Hood Effect of the 6" Comm.
'k, 27-7 Projectile at Various Cbliquities.
Reference: (a} Armor Officer's Vemo to Sxre:imental Officer

{undated).

Inclosures: {A) NPG Plotos. No. NP9 34054, 34055, 35059,
35060, 35061, 35062, 35057, 35058, 24056,
342G0.

)  Summary of Plate Penetration Coefficients.

) J3chematic Diagram of Apparatus for 3hock
Loading of Tensile Specimens.

1. Reference {a) reports tihe results of tests at the
Plate Fuze Battery which were conducted to obtain a comparison
between plate dallistic limits using 6" Comr. ¥k. 27-7 projectiles,
in the standard condition and also with the windshield and hood
removed, versus STS and Cluss B armor plates at various obliguities.
The conditions and results of test are sunmarized in the NPG Phocos,
of Znclosure (A), z2nd a sumrary of plate penetration coefficients
is given in Enclosure (3

Ze One projeciile in the subject tests was fired at 0°
ovliguity versus a plate of 373 with an arrangement for capturing
the frasments of the tood and windsiiield. The crrangement is shown

in the photos. of Enclosure (4). Tle parts consisted of a nine
foot srmor tube, an eishteen inch culvert pipe, and two cover

plates with round holes large enough to admit the culvert pipe.

The annular space between the culvert pipe and the armor tube was
£illed with sawdust, tte annular spacc was covered, znd the as-
senbled apparatus wus placed ~mainzt the target plate. The pro-
Jz2otile traveled a distance of 1( foot down the culvert pipe to the
roint of irpact,

223

Tt ¢ frerrents wars recovered withicut 2vidence of any
secondary dararge. The windstield and the crown of the hood were
splintered into many small pleces, but the gkirt of tle hood was
recovered in three cqual pioces, Tho crown of the hood appeared te
tave Iractured by shear after s.vere plastilic deformation, as illus-
trated by lamellar blocks of the metal wiich have siipped over cach
ovrer witlout becoming separatet. 'The skivt of the hood experienced
several brittle fractures on planes normul te tie prevailiang axis
of tenzicn in thye rerion free from sesverc cold work, but cach normal
fracture snifted to the shear type of fracture when it ran into the
s.varely workcd resion. Three of these brittls fractures were ini-
tiated by tire: minute punched indcentations on the shoulder of tho
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'Sy SN hoed, but & fourth crack was nlso observed whi-h dié nob originatoe
3 from :ny obvious imperfection. The fourth cresk @id not pass into
2. the rl*vnlcally derormed region, &s reveaicvd by microsections of

" the ro ccvcyvd fragment. Tho fourth crask probubly failed to reach

completion beetuse of o rolesse of siriss by the prior coirplction

3 ' of th: other three froctures. Meosuroments of the frogments show
3 thet the roeduction of oree ot the brittic fractures was not more
3 then 2%, whoroas the motorial of the hood would undargo a reduction
of ~rua of mor: ithen 65% in n siorésrd tensile test, The full elonge-
tien wes, in faen, obt tained i1n the region of scverc plastic deforme-
. 3 Lion.

3. Two uycuth :3e3 ! ave been considercd wlich might ox-
pl-in this cnomalous bchrvior,

K The stross in n dynamie deformation is known to be
3 ‘ renter then wice ebr.se in - stutic doformntion, and mild steel,
 E oUCh as sh” mrteric) or it hood, is known to Linve an uppor yicia
peinv., If, therersr:, i ¢ upper yi:ld poknt werc able to reach

\ in¢ freeture str.ss ¢uring & ropid looding of the metcl, then the
L : f1<cture would . britilc.

N To test this hypothesis, apporatus was coanstructed
3 " the Listt Avmor Bott.ry. “he pporatus consistcd of & gate,

b : vtc' w.g mrde of BF3 pl-te 1" thick by 7" hi~sh by 18" wide. The
a "*t w"s pivotcd nt one side where it bore ~gainst o gate post.

i ; Lo mte cnd g te post ot thie other side were notched to receive

3 . "D 0141 tensile specimen 3/8% dinmoter by 3.5" gage length. A
-3 SLlCld w.s mounted cver tio gpecimen to protgct it from frzgments.
Cle-xmnece wog urro nqhd bgtwepn the head of the tonsile specimen

e ~ad the ~~tg, so that the gote would havs time to pick up spced

b fore irpiect on thie, sp¢cimen. The speeimen wohs carefully aligned
with the free of the srte, so thot the imp: et between Qute ~nd
spreimen would be =n auduv 23 possible.

&
PR R 7 e I I T

; ; The first speeiren weos mockined from a 37mr T21 mild
3 : Stuul proj.etila. nother 37mr Tzl projeetile wes fired ot the

: : et her 0”7 tha met: with < strikins velocity of the order of 700 {ft.)/
3 3 {sec.), The speeim.n w.s noceted down :nd not brokein.

)

The sccond spacimen w s macl:ined from a picce of
mnneelad rild stecl bor stoek with 2 SHN of 120, A 37mm T21 pro-
J-etile wr fired ot the srte with a striking veloeity of the order

)

s s

[
g : of 1800 (ft. )/(0 :c The rate wes broken in half at the point of
3 impret, ond the prof-oetile wes dcrolizted from the nose to the ro-
’ t~tin~ sund. The te w's 21so broken ~t the peoint where iv come
b ifnto contret with tba herd of the spocimen. The spucimac itself
}i w3 neckod down te frheturs with the full reduction of wxes in o
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static tenaile test.

Al%ttsagh the gate was a casualty in the above test,
nevertiicless possible to cstimate the minimum velocity with
the zate must have struck thc head of the specimen. The
work required to bremk the specimen can be estimated from its known

Lenzile s This energy was

it is
witich

:renesth anl its reasured dimensions.,
Lweogsarily availabie in the picec of gate which struck the speciment
Thi spoeimon wags cloapatod 9" and ths work of deformaticn is esti-

mabtod to have becn €3C (ft.)(1b.). The picece of gate weighed 16 (1b.),
and its velocity is therafore cstimated to have been at least 89(ft.)/

(see.}. ¥hile streteling the specimen the pilece of zate turned
through an anglc of 13°,

If the aate had remain.d intact, its average velocity
d probvably heve beon arcoter thean 100 (ft.), (sec.). The ve-
locity at thc poiat of contact with the specimen is uncertain by
25 (ft.)}/{sce.) b.causey of vibrations in the platec.

woul

Ir thc specimen had remained clastice, a stress of
140,000 {1b.}/{in.}< weculd buve been created in it at an impact
velocity of 80 (ft.}/{scc.}, whereas thg sam2 specimen would break
at & truc stress of 115,000 {1b.)/{in.)*~ durine & conventional
vensile tust, The specimen would breek at « proater stress in the
abaznee of plastice dcforration. The specizon was brought up to full
loeding whil: trc ~atec m

\ te moved ot 80 (ft.)/{sce.) th.rough a distance

; of lese than a sixtosnth of on inch. An 2lastle wave would have

! Ezd time to muke throec iransverses of the srecimen in this time
interval. The hood of the projoctile was broushit up to full load-

: ins while tho proj.ntilc moved at 100C (ft.)/(scc.) through s

: distene¢ of mors than an inch., The rete of loading in the tensile

ceimon was thorefore «t l:ast as great as the rete of loeding in

3 e

* A squure plate, agcinst which a steudy force is applied at
< peint on o dirgonel midwiy botwman: the center end e c¢ornzr,
would <xpind on that forcc two fifths of its kinetic encrgy
Eofore it csme 10 rost at the peint of aprlicatior of force.
The plat. would be turncd through an angle cjuel 1o thres
fifths of the roetio butwoea the displacenent ut the peolint cof

k3
cauticn from the ccnter of the plate.
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L, On the basis of the results so far obtaincd it
appears that the first hypothesis is unlikely.

According to the second hypothesis, fracturc in a
ductilc matcriesl can only occur after a severe plastic derermation.
Th.. zonc in which th: plastic deformation occurs may be concentraied
at the very tip of a crack whure the stress is most intense, and
thus bu concealed from supcrficial msusuremcnts ol strain. The
conzentration of plastic flow may not be stable in narrow sections
where yicldling mey occur parallel to the edge of a possible crack.
The conditions under which the zone of plastic deformsticn may be-
¢ome 50 concentrated are the subjoet of furthar analytical work.
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. . ENCLOSURE (B

TABLE T

—_ A o
.
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i
s
T

Comparison Between Plzte Penetrztion Coefficients for
6% Comnm. Mk. 27-7 Projectiles, With Windshields and
tlooés, nnd Without Windshizlds or Hoods.

e
»d, 6)
Plate ST o
Plate Tensile e with " ¥4ithout -
Number  Strength 6 - d ¥s. and Hood %s. or Hood
5 F1823 128,000 L5 242 35,600 £ 600 © 30,100 £ 900
NN25 119,000  45° 522 43,300 t 900 39,600 £1100
634,580 124,000 51° 162 32,200 = 700 26,600 + 400
75446 121,000 50¢° 408 41,700 i 900 38,300 400
23164 124,000 60> 127 35,800 = 500 30,500 = 900
X20530 123,000 60° <329 45,500 * 400 45,700 1000
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