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not be disousaed in this paper) and the thioker was required
for the protection of tanks.

In the Fall of 1917 the first serious effort was made ¢0
prooure thip armor plate for the six-ton Americar Renaul?d
Tenk. Bome twanty eteel concerns wéro approached with regard
to their faoilitles and their willingness to attempt to
samfacture this plate. It was considered nscessary to place
ocontracts with steel manufacturers for the completed artisle,
ag & great deal of the 4driliing and machining would have to Lo
donse prior $0 the heat treating process which preperes the
plate for the ballietic test. Veory few of the Aumerionn stcel
makers bad had experience in the mamufaoture of thin nrmor
plate of a thiockness 0.25 inches and practically none of them
had had any experience in the manufacture of plate in
thicknesses above 0.26 inches. Approximstely 708 of the ihin
armor plate on the Rensult Tank was 0.80 inches in thilokneas,
while the balange was divided between 0.312 inches snd .03
inches. HNo specificstions for balllatic testing of plate of
these thiclknesces existed. The Engineering Divieion with the
aselotance of some of the other divislions created balllstle
test epoolfications founded as well as possible upon standardn
taken from the British and Fronch. The specifiocations am
created by the Ordnsnce Department required the testing of
every plate, anlthough it was understood that the Fronoh on
certaln types of plate were content with the tesating of one
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out of overy twenty-five. Ae a result of the queries nent

out to the various stesl manufacturerg only cne manuiasturer
(. appeared to be interested in attempting the work as thera wes
P 80 little dats avallable in this country.

The following are the spsoifications whioh wors iasued by
the Crdnance Department at this time for the balliastic Lesting
0of plates 0.2B inches, 0.312 inches and 0.6 inches in thioknoas.

*For 0,85 inohes thiockness of plate the saue
ballistic teet shall be used as that specified in

Ordnance psmphlet #4354, for shields 0.29 inches in

thicknoss for Artillery Vehioles.® (this Li¢ the same

ballistic test which was descrided at the first of

this paper for this thickness).

*For 0.51%8 inchea thiockness of plate five shois

of service ammunition (2700 f.s. 160 grains) shall

be fired from a mechine gun at one point on the

plate at a rangs of ten yards. The above test to

apply to all plates of 0.312 inoches thickness

gontaining e flat surface of not less than 64 gquarse

inchee, olesar of holes, on plates not having an

un=-intarrupted srea ac great as 64 square inohes,

ons shot shall be fired from a service rifle ad

the same range, using the same emmunition.®
= "Each plate of the first three hundred sets of
plates 0.8 inohee in thicknees ehall be subjeoted
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to five shots fired with service ammunition (8700 f£.s.-
100 greins) bullets reversed, at a range of ten yards
and striking within a oirole of five inches in
dlemeter. If the platea eo tested appear satiefactory
L0 a properly instruocted government agent, sansideration
shall be given to the dropping of this test for the
reasining plates of 0.6 inches thickness. All platos
0.6 lnohes in thiokness shall be sudbjeoted to fivo
shots, fired at a range of fifty yards, all setriking
: within a ten inch cirocle, using armor pleroing bullets
e e ey (2800 f£.8.). The zbove test shall apply to ell plates
0.8 inohes thick containing & flat surface of not 1ge2
than approxizately 144 squere inches, clear of holes.
On plates not hoving an uninterrupted ares ae great an
144 square inches, one shot shall be fired, with bulledz
: reversed, at ten yards and one shot using sernmor plavelns
L et bullote at fifty yards.®
' "The quality of steel muat be such that the platree
chall not be penetrated, oracked, broken, or metorially
deformed, except that very fine hair cracks formeld in
the back e8ide of the bulge, made by the impact may ba

peraitted. A deep hole mede by an armor plersing

Bt E SO AL T AR Y

bullet is not considered as e deformation of ths piata.®
These speciflications as originally adopted, were later

changed for the 0.8 inohes thick plats, to the follswinm?

®All plates 0.6 inches thick shall be tested by hsving three
' G-
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Rongy and yesare of expariencs %o develop thelr procticos the
Governmont was asking only for that to which 1t waz ontitled.
They wore willing w0 gilve (o tholr competitors the benefit

0f coming into their plants and geeinz with thelr ovn oyen
Just vhat was being done. This odoperation was a very groat
agsletanocs to a nuaber of the companies, inagnuai as one
company happened tc have had considerable difficulty 1n
flattoning and etralghtening, but were having a very
prohounced suocess in producing plates of high physical quality,
whersaa, some othsr concerns hed praoctically no difficulty in
the flattening and straightening operations, but did not have
the sucoess along tha other lines.

Some of the analyeses whioh were used in the production cf
thess plates are shown in Table I. The practigoe in A majority
of the plants was t0 anneal the plate after rolling, in order
t0 eallow of ~echinabllity. In the oaeses where plate wes
purshased rrom one manufagtursr to be furnished to another
menufagturer befors heat treatment, it was speolfied that the
plates be annesied in such a manner as to have a brinell
hardnsas not 0 exceed 3C0. Az a general ruls it was found
that for the ocoapositlions used a properly annsaled plate worlhed
very satisfectorily on punching nid machining. Due to warpin<g,
shrinkage, otoc. it was, of courae, necassary to 4drill in the
heat treated plate tho very lmportant holes which had 1ittln

dimensional toleranse, but a majority of the punching and

-

...............
~ N D

...........................




machine work was dona on the annesled plate. Some o7 the
difficulties whigh were enosuntered in attempting to aasenble
light araor plate are degoribed by Col. H. B. Jordan of Rock
Ielond arsensl in an articie on the wanufacture of Harx VIIX
tanks in the July-August 1920 ismesuoe of Army Ordnance. Tho
heat treating of the plates veried to a conelderable extent
in so far as methods were concerned, but all consisted of a
quench from abcve the oritiocal temperaturs of the stoeel
followed by a tompsr. In some cases the plates were hold in
a so=-oallod *flattener® for oil quenching, in order %o
deorease warpage. In some cases the tempering was done
between hoated dies, whioch at the same time perfeoted o
flattoning of the plate. In a number of ocases no device wae
used during quenching or drawing to deorease warpagae, but tho
plates were flattened on the anvil by "sawe-smithing.® The
latter method of filattening plates ie¢, of courss, open to tho
objection that 1t is an expensive operation as well es to the
objection that it detracts from the strengbh of the plats by
introducing local stralne et various points.

It will bo noticed from the above that the requirenents
for light armor plate were changed from those of protsotion
from a .30 caliber service bullet before the World War to
proteotion from & .30 caliber armor plercing bullet during
the World War. It wlil later be geen that the requireaents
have become still higher, inssmuch as they demand protection
from a heavier and more powerful .30 ealiber armor piercing
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Table IV 48 n list of compositions of ateels which wers
experimented with in this manner. After an enormous amount
of experizental work had been done on these steels critlcal

studies of the balllstic results obtained indicated (hat

there probably existed im the experiasnts, certain uncontirolled

irregularities, as a resvlt 2f =hich many of the results seemed
t0o be irrational and contradiotory.

In consldering the different groups of alloy steels shown
in Table 1V, the ability of the various motale to resist
penetration wvae considered of chief importance. The best
results were obtained from nickel-oobalt-zireonium slloy
steels, which although of wlidely divergent chemical enmlyris,
gave excellent balllatic teste. The nlckel-gilicon-zirconium
alloys geve the next beet results, elthough in thegse thars
wes & great leck of uniformity and the wide varietion in the
analysis of the difforent heats of this group rendered it
unwige to make a definite decision regarding the aualitias of
the material without further investigation. The tests on
alioy ateel oontaining olromium nickel and molybdenusn in
various comblnations seemed to show no marked advantases of
this clace over the nickel-silloon-eireoniua clese. Thae
results of all of the analyses, however, teken &s & whola,
ohowed sush lack of uniformity that 1t seemed impossible to
arrive at a definlte conolusion as to whioh of the varioun

elloys proesented the most desirsble features.
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It might, of course, be posaible L0 oonduct a sufficient
ﬁ number of testse with two different types of ammunition to
E develop a converelion faotor by whioch the value of a given
plece of armor plate could be changed from belng in terme of
e S I one bullet to being in torms of another bBulist. The questionn
:E | | of ballistioe and ballistic performance of armor plercing
ammunition and of light armor plate are in such an
undeveloped state that 1t is practically imposeidle at the

P present time t0 give an absolute conversion factor suoh as

MU A

indicated above although some approximation might be

—

obtained. In Table VII are given soms figures whioh to gome
gxtent can be used £or s comparison of & few of the different

types of ammunition.
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Not only was it oonsidered necessary to standserdire uthe
anmmanition used but it was aleo thought necscsary to
standardizée the mothodas of testing to as great o degres ag

L possible. 1In a later portion of this paper will be given
the etandard method of testing light armor plate an adopied
at this time and aa ravised but very slightly %o dats.
It was declded that the plates made up of the compomiticns
shown on Table V should be teeted in accordence with this
‘gﬁw#”hnﬂm”Mﬁ standard method of testing and it was directed that tho wory

of preparation of thsse plates should procesd as rapldly nas
posaible. It was expeoteod that the results whioh would De
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obtained upon these plates would be 0f great interea and
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very carefully heat treated and physical teste were made 4o
deteraine s&s close &s possible the properties of the finlshed
plates. Ballistic tosting was cerefully oonduoted in
acoordance with the method agresd upon and referred to
previously in this paper. Gonsiderable diffieulty was
engountered in menufasturing the ateels, the results obtainsd
ware not very near Lo thoeo desired in 80 far as girconiunm
contenta were conoerned. It was also found that ths plaien
&8 rolled were not of uniform thiokness, and that ?%soh plate
‘in itself wee non-unifora in hardness. DBallistic testis of
thess plates, although disappointing as a whole, ssemsd to
indloate that the best that could be expected of a plate 0.2H
inches in thickness was reelstance to penetration by the
160=-grain .30 caliber armor testing ammunition at s striking
veloocity of 1800 f.e.

The Navy Departaent have not limited themeelves, howsver,
to a study of only the ziroconium steels, but ars carryling onb

an 6extensivo progrsm upon numerous steels of compositions

represented by various reputable ateel conocerns as hein:

worthy of conasideretion. Tho Navy Department have not hesn
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limiting thomselves entlrely %0 platss 0.25 inches thigh
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e although this thioknegs 18 primatrily the one in which they
' are interested, and for which they are in the maerket. In order

to ocearry on the developament of light armor plate thoy hava

Hi s e em o sa e e e

obtalned hundreds of platee of verious compositiona,

s

thicknesses and hardnesses.
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It socon began to be realiged thet too 1little wos known
about the relstions between hardneas, thickness, ocowposliion
and balllsvic properties of light armor plate. fowe baliovaed
that tuere was & certaln optimum hardness £or & given
eonposition of plate, whether that plate was 0,30 inches er
Q.8 inches in thickness. OQthers believed that for each
thiokness of plate there was a oertain optimum hardness,
Assuming that pletes of varlious compositions were properly
‘heat treated Lo Lring out the best qualitiee of the steel,
it vag believed by some that the properties of the stceli as
reported by tensile test results could bhe used as indioative
of ballistlc values. It was dacided thatwork slong this line
should be conducted. Five compositions saea shown in Teble VX
wore selegted to be used in a atudy of the relations of
herdness, velocity and thickness. From sach of the five

compositions, the followlng materiesl wae aobtalneds

a 15 {ect one-inoh rounds.

et 16 plateoa, 13" x 19* x .26* thick.
2 plates, 13" x 12° x .3512" thiok.
18 plates, 12% x 12* x .376" thiok.

P 3 plates, 12" x 12% x .437" thick.

[ 16 platee, 12° x 129 x .0® thiok.

The Tirst step in the vwork was to study the five compositions

T R A U ¢
sl

05 reprosented by tie fiftsen feat of one-inch rounds snd 40

g

';wm*+w*mw‘._ aoiermine the proper quenocliing temperature 0o be used for mach.
Using thils quenching temperaturs the tensile strength, elinntlo

limit¢, elongation, reduoction of ares and brinell herdnaess

R i g
. P

= =18~

3

3SNIdX3I LNIWNHIAOO Lv 4INA0HAIY




ourves for tempering temperatures up . 10000 F, were

deoterminsd. A few pieces of sorap plate from each of thy
conmpositions were thon experizmentally hisat traated in

order to deterzine the applicability of the dsta obtained
upon the one ineh rounds to the heat treating of flat plate.
Tne nexti etep was to takoe eight plstes of 0.20 inches in
thioknegs, eight plates of 0.376 inches thickness and eight
platee of 0.5 inches thickness of each coamposition and

after quenching temper them at Lemperatures of 600, 600, 700,
800, 900, 1000, 1100 and 1200° P, This has given pliates of
each thickness of each composition of varying hardnesesn.
Ballistic teste are now being conducted upon these platon

to determine the striking velooity necessary to penetrats
each, For each thickness herdnees-velooity ourves will be
plotted in order toc show the ballistic properties of platee
of different hardnesses, but of the saxe thioknesees and
compogitions. From theso curves it is hoped it will be
poselible to determine the hardness giving the best ballistion
propsrties for each thiockness and for each coaposition. The
remaining plates of the 1list of varying thicknesees shown
above will then bs treated to give these gpparent best
hardnesees. They will then bLe teated ballistioally and
thickness-velocity ocurves plotted in an endeavor to shovw the |
effect of thickness on ballistio properties. It is hoped
that the results of the above experiments will indicate to

-19-
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DEVILOPHMERT WORK OW PLATES THICKER TiHAN 0.0 IRCHRS.

The development work eo far described has becn on thin

ﬁ arnor plate for remlsting .30 csliber armor plercing gmmuni-
;. _ ticn. This requires a plate up to 0.5 inches in thicikiness.
;;vwwmwﬁwmm~4 In the Summer of 1919 Anformation was received from the Tani,
/ Traotor and Traller Divislon that it wae desired to armor

tanks for protection against the Gerwan 13 3/w anti-tank
R armor pleroing asmunition and that it was desired to aevelop
& U. 8, .50 caliber armor piercing ammunition equal or
suparior to this 13 m/m amamunition. It wap desired to know
what thickness end kind of armor plate it would be necescary
to use to resist this bullet. 3Jome tests were immediately
e conduoted wo determine the penetration of this ammunition at
various ranges. The thiockest plate whioch had been used up to
this time was 0.6 inches. Penotration tests were conducted
uging one or more of these plates, both with an alr gap betwaen
them and clamped together. It was found by comparing the

identations in these tests, that, ocontrary to accepted theories,
the armor plercing bullet core penetrated farther when two

plates of armor were separated by an inch of alr apags, than

when the two plateas vere g0 clamped together ae to virtually
; form cne plate 1.2 Anches in thickness. It was found tLint wo

plates 0.6 inohea in thicknese would be necessary to afford

ample protection against this 13 m/m armor plercing emuunition

ﬁ' at all ranges, but tha% two guch plates would not o able
|

- withstand two hits in the same place. It was also found thet
3 | -2
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a single plate of ©.6 inches thloknsss waa parforated ad
rangoes up to P00 yarde. Thess tests were all conducted with
Azmpacts normel to the plate. Further tests wers conducted
t0 determine the maxiaum penetration at a distanoce of twenty-
five yards by thie ammunition in araor plate at angles of 10,
16, 20, 30 and 49 degrees from norusl. Agein there were not
available rlates greater than 0.6 inches in thiokness and the
tests were oonducted upon gowmposite plates made up by

olamping thin plates together. The following results wsre
obtained in this work:

Anglie Penetration in Inches
10° 1.133

149 0.994

200 0.7607

300 0.860

48° 0.133

The penetration figures shown above represent the dspth of
indent made, and not the thikness of plate required to with-
stand the ammunition. A plats 0,133 inches thick will not
withstand the ammunition at an angle of 4869, slthough & plete
1.2 inches thick at an angle of 46° will only be indenied a
depth 0.133 inches. The minimum thicknesses whioh were found
10 be necessary to stop the bullet were

Angle Thickness to stop dbullet in inchen.
20° 0.912

300 0.88

460 0.8

For normal ilmpact the following results were cbtained with thie
bullet at ranges as indloated:

1
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