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Watertoain ArconaJ. Laborauruvy Zuport 1.o. WC-v 710/265
entitled, "Aircraft Armor - Balisetic ChnrLctariotics of a
1.:agneium Alloy, Doumata2. (Type iPS) ? dated 22 October 1943.

Prcui.so meaeuroernet o-E thc bu:tt ýý*,4 iuzcd. in- this st,,,.dy aits-
cl.oses a Wd: reprx~cy jet-woun thoŽ nominal actuxal obliaqaitino of
testin--. In Waterý,cvn Arsoual Lraborato.,ry R-opot 17o. WAL 710/265-1,-
-c -.; isf~ccL, the datla in this rp-,rt. h.avc "bec, r v-icw-- od fi ors
Oz imorit 1>zCalculatcd.

Theso rccalc-u.1aoio:s i)now that tho oox1 volvcd. in 3 stud
applies ovor the ontiro rangu of )bJliquity obozorvaýd (0W t 70"
ir, not restricted, to obliquities of 600 anrc luv~.z



Watertown Arsenal Laboratory / ,

Report Number WAL 710/225 1
/ '.,/22 October 194*3

Problem Number 13-3.l.'

AIRCRAT AMIiOR

Ballistic Chare~oterietica of a kn4;nea1ljm Alloy,
Iowmetcil (Typo IS)

h.O.DJZCT

T3 Inveatigat., the feasibility of --Ang Dow-mtal as armor in
aircraft.

CON CL1SI OV~S

1. Dommotal (Type FS). while affording~ resistance to perforation
conira rable, on a woight-for-weight basig, to that of good. qualitY
non-m&gnetiao steel armor. neve~rtheless exhibits sevzrt t=-&&ecieo
toward %palling which do not juntify its use as aircraft armor.

2. The reeletancei to perforation of Downetal (Type FS) by
* . cal. .30 AP K42, cal. .50 AP M42 or 20 M1~4. AP M75 projectiles at normal

Incidence and at obliquities of 600 or loee is well rerpresented.,by
the following equation?

Vn 1535 (e/i/&>5
coo 8

where Yn is the Navy ballistic limit In f eet-per- second, ol in the

thi~kness (in feet) of a piece of steel equivalent In weight per unit
mirfaoe area to the subject thickniess of Dcwmatsl, d. is the ddamrter
of the projectile (core) in foet, &an 0 is the angle of obliqaity froms

*the normal. 1 0

J. F. Sullivan

* ½, Jr. ginaer

Colonel, Ord. Dept.I
Director of Laboratory ~.
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INRODUCTIO

As an aid to the desig'.er and to the fabricate-. of aircraft armor,
wbich migfit be used as aircraft armor Is being conducted at this Arsenal.

a tud pelof the byallisetil cracteisc of vaihy-friou.hty ofbaste ham1

even getrproainresistance, at high obliquity, then steel sarmor.

'Inasmuch an the average aircraft fa~bricator is familiar with the
uses of the magnesium alloy, t~vmeta~l, and in view of the fact that this I
alloy has an e~ren greater thickness-per-unit-weight than duralvamin, it
van consit~ered worthwhile to investigate its baLlistic properties with
a view, if they should. prove satisfactory, of reoommending its use as
armor In combination with Its variolie tethor uses in a~ircraft.

.4c-orcingly, through the cooperation of the Dow Chemical. Gompany, S-
6 this Arsenal was pro~vided with thirteen (13) samples of Dowmetal

(Trp,,- FS)Owhich enabled the conduct of a reasonably comprehonaive
ballistic test of the material.

TESTI PROCJRDUR

Ballistic touts at noruaai Incidence and at obliquities of 300.
45,6oo &ad 750 from th* normal were condumoted, on a oae-hnad~red yarkX

indoor fir-ing range, -using a cal. .50 Browning Machine 01n barrel and
a cal. .30 Haan barrel zourit&d. on a machine rest which permitted hori-
zont~al and vertical. orientation of "oh gun to control. the placement of
shot. on the target and. to compensate for any fluctuation iz trajectory
incid~ental to a variation in vel.ocity. A. 20 )O. gmi mountted i a 3
field piece permitting similar maneu'verabil.ity was used for heavier fire.

Striking velý5citiee were determined by the use of a pair of
Aberdeen Chronographs conneated to screens of metal foil mounted on

* wooden frames. By this arraagement the average velocity of the projectile
over the distance between the screens was d~etermnined, from whiah the
striking velocity was computei from prepared. correction table@..

Before firing, powder charges were estimated to produce the required
striking velocity for each round anzd rounds were accoriingly assembled

* from a ropnate 00 ponentg.
*For physical propertiem, see Appendix 3.

* BJESTRI. CTMn
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RMSTRI CTED .1
RESULTS

The results of the ballistic tests have been given in detail in
Mallistic Data Sheets 1 to 13 of Appendix A.

These data hawe been moxmarizse4 in Tables I to V and graphically 6
repreoented in Figures . to 5. Values of e and. el in these tables are
listed in terms of inches, but el/A values have been oomputed with ea
In terms of feet.

Th& estimated rocistance to perforation of several amor materials
equivalent on a weight-for-weight basir to uteil, whoee thickness eqvals |
the diameter of the attacking projectile is tabulated in Table VI and.
Illustrated in Figure 7.-

figure 6 shows the agreement of the data with an empirical formula
suggestes by the constancy of F at normal incidence and at obliqu•ttiea
of 300, a.t9 end 6O0 from the nrrmal.

DI SCUSSI ON

In order to afford a comparison of the ballistic efficiency of
Dowmetal with that of steel on a weight-for-wexght basis, the mer-
formance of DowmezAl (Type FS) in the ballistic tests at normal incidesceand at. obliquities of 3700, 45". 600 And 750 from the normal has been
evsalvted in terms of the Thompoon coefficientl and plotted against
el/d cos e in Figures 1 to 5. From these figures the resistance to
perforatlon, at the various obliqu~ities, of a thickness of Dowastal
equivalent in weight-per-unit strface area to a thickness of steel
which matches the diameter of the projectile (core) has been estimated
and this has been compared in Table VI and Figure 7 with available data
conceiming the resistance afforded, by equivalent weights of other armor •materials.
*Tx~ble VI and FW-re 7 are based on data collected as basis of a study of

the ballistic characteristics of several materials which might be used as
aircraft armor. The complete results o: this qtu4v will be made available
in Watertown Arsenal Laboratory Report WAL 710/50b, soon to be issued..

1. The Thompson coefficient(Y) is a measure of the ballistic efficiency
of armor and is obtainable from the following:

7 2 , y2 co 82 0
e d2 'i

where m is the weight of the projectile in pounds, V is the limit
velociTy in feet-per-second, 8 is the angls of oblijuity from the
normal, e la the thickness of the plate in feet and d is the diameter
of the projeotile (core) in feet.

For the purpose of comparing the efficiency of mAterials of different
density to that of steel on the basis of protection afforded
er-unit-weight used to protect a unit of area perpend-iular to %he
ine of fire el may be substitated for e in the equation, el being that

thickneas of _n-eel which ir: ecraivalent -in weight to the =17¶sot thick-
nees (e) of the mantorial whose efficieacy !m being evaluatea.

[•I In this report el - for Dowmetal;

el e for duralumin;
* ~2.9

el e for steel.

-3-
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Since the flexural rigidity of a material !s a function of the

Oube of its th 4 'kners multiplied by its modulus of 4&asticity, Dewmetal. M

while its modulua of elasticity io only 0.22 times that of steel is
nevertheless more than nineteen (19) times as rigiU as steel of equal
surface area and weight inasmuch as its thickness on a weight-for-weight
basis is 4.4 times that of steel.

Thus, there has ben designed successf~ull~y an aircraft f,%selaga of
magnesium in which the rigidity 3f the light alloy veneer has allowed
the elimination of many of the supporting members characteristic of a
monocoque structure. 2 If Dometal would afford resistance to perforation
comparable to steel or duralumin, there could be envisioned a more rigid.
combat aircraft structure affording greater space for the storage of
armament and aimunition entailing no sacrifice of peeed or armor protection.

Yigure 7, however, indicates thit only in comparison with non-
m=gnetic steel armor is Domoetal (Type FS) superior In resistance to
perforation to other armor materials of equivalent weight. Thus, in
order to provide resistance to perforation equal to that of face-hardened
or homogeneces steel, or of duralumin, a greater weight of Dowmetal
(Type FS) would have to be used with E consequent undesirable bacriflze
of speed and maneuverability.

ig'ures 9 to 13 illustrate characteristic effects of projectile
impact upon Dowmetal (Type 7S). The severe gouging of the material is
attributable to the fact that, even at obliquity, the small arms pro-
jectiles did not break up upon contact with ouch a soft material.

S

Ordinarily, contact by small arms projectiles with armor materials
at obliquities and at striking velocities of the order "xperienced In
this program results in breakage of the projectile due to a transverse
force whose magnitude, at r. given striking velocity and. obliquity, may
be proportional to some measure of tae resistance of the plate material .-.

to plastic deformation.
3

Since the hardness of Dowmetal is extremely low (BEN about 60), it
may be assumed that material of this hardtness affords insufficient
resistance to plastic deformation by a small arms projectile to exert
a transverse force of sufficient magnitude to break the projectile. This

W" failure doubtless detreacts from any advantage the superior thickness-per-
unit-weight characteristic of this alloy may offer.

Furthermore, Dowmetal (Type FS) shows a high tendency toward ba.-C
spalling, In some instances, although the projectile in its entirety
was rejected by the 7-,te, substantial sections salled from the bak'
2. Beck, Adolph. The Technclogy of Magnesium and Its Alloys.

London. 1940. F. A. Hughes & Co., Ltd.. Page 4J47.

31 Watertoin Arsenal Report No. 710/492. Mechanism of Armor Penotation.
.Second Partial Report. C. Zener and R. Z. Peterson. 31 May 1943.
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RESTR! CTED

of the plate. Thin condition in highly undesirable in an armor Material 1
"bedoaue, in adAition to the immediate dAmage dnno by the iltd haw1t of
such spalls (which may in some cases be lethal), the protection &ffcrd•d
by the armor is permanently impairedl by such aubatwntial reductions in
the thickness of the armor material.L

TiUe spelling teadency may not necessarily be an inheret oar&c-

teristlo of all Dowmetal. It could well be the result of an attempt to
harden the material in order to increase its resistance to perforation.
There in perhaps a critical BHN for every type of material beyond which
it oannot be hardened if it ie to withstand ballistic attack sucoesafully

r and resist spalling.

Whether this critical for Dowmetal (Type IS) has been exceeded or
whether the material has some inherent characteristic conducive to spalling
can only be determined by further tenting. S

An examination of Figures 1 to 4 discloses a remarkable constancy of
the value of F independent of plate thicmness or of obliquity vp to 600.
While no ready explanation fc,. this constancy offers itself, the opportunity
to formularize the data shouad. not bo nagloctod.

Thus, the constancy of F at normal incidence and at obliquities up
to 60o suggests that the Navy ballistic limit of Dowmetal (Type FS).: uder
those (iondItions, is an inverse function of the cosine of the angle of "
obliquity, and the following equation is indicated:

v* K••)5

Cos g.

where Vn is the Navy ballistic limit in feet-per-second, el is the
thicknee (in feet) of a piece of steel equivalent in weight-per-unit ..
enrface area to the subject thicknees of Dowmetal (Type YS), d, is the

eiameter of tha projectile (core) in feet, 8 is the angle of obliquity
from the normal ani K a constant to be determined. eirioally, Exmination
of the data indi.eatep that K becomes equal to 1535, and the following
equation evolves:

vu =1535 (el/a)*5

cog e

The fit of averaged data to the curve of this equation is shown in
Figure 6.

• -4. .
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D.ES'LRI 0TED

If, for a certain *a�luo of e/d ooa e, the Navy ballistic limit of
a material in constant over the entire range of obliquity, it would make
little difference from the standpoint of protecting a unit area normal to * I
the line of fire from the effects of projectile perforation whether a
single unit of thickness of the material wore installed at normal incidence
(where l,/os 9 - 1.0) nr whether half this unit of thickness of the same
material were installed at 600 (where 1/cos e6 2.0). Considerations of
space econom•', however, would probably dictate the use of the thicker gazge
at normal.

If (as in the casj of Dcwmetal (Type FS) in this report at obliquities
up to 60o) the F value of a material is independent of e/d sad of 0, a
superior protection from the same weight of armor will be afforded by in-
creasing the obliquity of emplacement, since if F is constant the Navy
ballistic limit for a givem -/ý cs 0 vazies tnversely as the square root
of the cosine.

In the case of most armor ma:,erials, however, Y does not remain
constant, but rather, varies with obliquity and the point at which a maximum
Navy ballistic limit is afforded by a given e/d con e indicates the obli-
quity at which the material attains its maximum efficiency. This point
is relevant in the dcaegn of armor installations.

Oblique &eplacem•nt of armor ordinarily improves its efficiency up to
a certa•in critical beyond which a Law of Diminishing Returns apparently
begins to operate.

This is attributýble to the fact that, if, as obliquity is increased,
z/d coo e is kept constant, e/d must diminish zince a larger section of
thinner material must be caployed to shield the same area normal to the line
of fire in order to kees the total armor weight fixed. As the material be-
comes thinner with increasing obliquity, a critical ratio of some dimension
of the projectile to the thickness of the armor is apparently reached at
which point the efficiency of the armor begins to diminish. This may
readily be seen when it is realized that at a very high obliquity the ratioof plate thickness to projeotile caliber mast be extremely low if the
weight necessary to shield a unit area normal to the line of fire is to be
kept equivalent to that of a plate installed at normal whose thickness
equals the diameter of the attacking projectile (for instance, at 850, the
ratio Is only 2 to 23).

In the case of denser materials, this critical is reached at a lower
obliquity than in the case of lighter alloys. This is doubtless attributable
to the fact that at equal values of el/d, the e/d value of the denser m&.-
terials is lower (since, in the case of Dowmetal, el, e ; in the case of

e ..duiralumin, el --- and, of course, in the case of steel eI - e). Thus

the critical relationship between some dimension of the projectile and the
thickness of the plate mayv be expected to arise at a lower obliquity.

S° . - W W * - w



RESTRI CTED

Ia the cane of Dowmeto• (T:,po FS), this critical obliqlilty apparently
li.u somewhere botwoeriu 60" and 75'. At 750 (k-_gure 5) the F valuo ic
substantiall'y loo thi_.n thn constant value &oharacteristic of this material
at 00, 30, •45 and 60o (firpiren I to 4), and tho Navy ballistic limit
for a given e/d cos 0 is loss than at 600. It may be assumed that, for ..

this matorial, the critical repltionehip betwsen some proJoctile dimanmioa
and the plata thicknena iq reachod at some intermediate obliquity.

I
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LZýavy BaJ.lintirc'twItiý (Outimatcei') at Vaxirao Oi bligulti a of

Differunt Armor Materia-l Eaulvalent on

a~o~1t--orWOight Eiauie to Stoel Whose

Thictu-,_- Euals the Diameter of the

Attacking Projectile (Coro)

(See lEdu FiLjUru 7?) ,

r00 3 11 45 0
aCe;RFardc~rie Steel 2130 2390 2970 3920

;3ZZmoro2o;l, S:::(141 340-A~36o 165o 2o~o 2670 II3
Thiralumlin 2S)i~ i 6c 42

* ~ut,±j. 1i's 6o 1790 2170 3o4+5

0 fs 0
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OON4P~ATIV RESSTANGE, rd, PERk~RAT(ON O
1 VARIQOU ARMOR MATERIALS IA.
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2600
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E - NON-MAGNETIC STEEL '(SPECIFICATION)

100 200, 300 4o- 0 50a 60C
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APPMNDIX A

DATA

Key to Abbravipt1 n-,

B3C Bac'r crack

33 Back anall

CiP Core In plate S

LvA Complete to light

CP Complete penetration

FPP Failed to pass through plate •

LB Large bulge

MB Medium bulge

PP Partial penetration S

PTP Passed through plate

Small 1ilge

• . . .

S• , , w • w • v •

• . . .

-_.S . .S .



BALLISTIC LATA Mi'T NO. 1

Dow Cnemical Company Dowrmatl Plat, FSI-C-45

•h25" x 3yo x 30"

Plat e
Plate Rd. Striking

Obli u _ No. Velocity liasultn 5

Cal, .20 AP M2 Firins

h5o 06 1 39 7an CP-PTP BS 5/9" x 5/90.

45• 27 1276 PP-SB
45 ý 125 PP-SB
450 29 1331 .n PP--M3

a4rmy ballistic limit at 45: - 1364 f/s
ukavy ballietic limit at 45 - 136h f/s

tOQ 13 2363 CP-PTP BS 1-1/4" x 7/8".
6wý L 2264 OP-PTP BS 1" x 13/16"; BC V" x 1/16". •
6C 15 2077 cP-nP' BS 1-1/g, x 3/14 ; 3C 1/2" x 1/32".
60 16 19,-a."' PP BC 1-3/14" x 1/16",
6u• 17 2025 OP-PT? BS 3/ 4 " z 11n 6i1; ,30 3/9" x ii/i6"
60" 18 1 9 45sa'n CF-PT? Exit hole 1/h" x 1/4";- BO 1" x 1/8".

&Army balliutic limit at 60' - 1933 f/S

nNavy ballistic limit at 60' - 1933 f/a

75's 7 3100 CP-PIP Exit 'ole 3-7/16"x7/8".

750 9 2972 CP-PTP Exit hole 2W" x l-i/S".

75' 9 2762ak PP-SB BC 2".
75) 10 2812an CF-FTP Exit hole 2-1/4" x 7/9'-

aArmv ballistic limit at 75' - 2787 f/s
nNa-i ballistic liUit at 750 - 2787 f/i

Cal. .1C A? M? Firings:

* o 12 13 4 a,n CP-CL S
bC;= 12 13 9Dn C-PF-P £xlt merged with Rd. 11 exit;

BS 1-1/4u" 1"; BO 4-/14H x 1/4".
6c' 30 1295 PP-MB BC 5-./)4' x 1/16" Joining curack from

Rd. 23.
6)• 31 1311 PAesed thru Rd. 2 exit. Disregard.

60' 32 l3o6a PP-MB BC !4." x 1/16" Joirning crack from
Rd. 1.

Army ballistic limit at 6CO - 1325 f/-/
nNavy ballistic 1-i-:t Ft ;C' - 1367 f/s

W 1W

* . _ .- ' .- . " . .- .
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BAILLISTIC DATA SRMET NO. I. ~(Cnntd)-

Plate 0
.i1at e Rd. Striking

Noiqý_i 4, Velocity -Results ___

750 1 1 7 'a PP-SB BC 4-i/S" x 1/" oponing. Three

minor cracks.
75. 2 190 6a OP-W"LT
759 3 1850 OP-PT? Hit too near previous rd. Dieregard.
750 4 1875 CP-37TP Back opening L-*3/4-1t x 319".
75a 5 196A O-PTP Back opening 4" x 1-3/4".
75Q 6 202On UP-PTP Lit diameter 5P x 2".

8Army ballistic limit at 750 - 1773 f/V i
nNavy ballistic limit at 759 - 1990 f/s

20 YM AP M75 Firings:

759 19 1160 Hit on rd, 8. Dioregard.
750 20 1156 Hit on rd. 5. Disregard.
75D 21 1224 CP B 3-1/16" x •
750 22 1299 Hit on rt.. 6. D4.ore ard.
750 23 L2 7 5 a n pp-'B
750 24 1 3 2 0a,n CP-PTP Ex't diameter 3-3/4" x 2-112".

IArmy ballistic limit - 129< f/.
uNavy ballistic limit - 1299 f/s •

t NO

1w w
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BA.LLISTIC DATA SHMET No. 2

row Chemiena. Cormnany Dowmmeta'. Platp FSlc-571 4
.635" x )O" x 30"

:•. ~ ~~Plate i i,:

Plate Rd. Striking
- Obiqij! -No. Velocity Results "

Cal. .30 AP M2 Firing

30 2;1 132ba PP-MB BD Nose in plate.
30 2 1 i20 CF-PTP B6 13464 x 11/161.
3G` 26 13 4 1 'rn C?-ZIP No06 protrudiný 1/8". BS 9/16" x 7/16'.

27 1745n CP--FTP Bs ii/16" x 11.
I •

a6riry oballiet!c limit at 30' - 13•4 f/a
unavy ballietic limit at 300 - 13 3 f/s

45 46s FP-SB1.5n -7 1559aa 5" 5
4v '7 goa,fl 0?-rTIr Bý x/ 5/

I F8 15 1 2a'n PP-SB
aAru,,y ballistic limit at 30" - 1536 f/e
UNavy ballistic limit at 30" - 1536 f/s-

Cal, .50 OA.P M2 Y~rIn-;_L"..'"'

h5 19 IC97 PP-SB
-45 20 1268 Hi t, REd. 15. CF-PTP. Di sregard. d
)45 2. 1 2 9 a-n C?-PTF lBS I" x l-1/41". Crack 1-5/9".
"1S•0 22 l4l Hit ede, of plate. Disregard.
`5' 23 1170 P-SF
45' 28 1212 PP-SB

29 125,n: P4aB

aArmy ballistic !mrt at1 -50 - 127e f/i

la vv I I si t tc limit ti - 1276 f;'i
C.. 5 2i99 }4e i o atQ

2200 P.-ML L7/s" bACK craci.
* 7 232 F PP-MB. Z-7/1" back crack.

7 "zrqa 2P C--CL. 5- /16l bstck crack.
2k2 M'2 Wi eed niht.e.

750 C 2'.-7  ;it ed•e of plate.
15; i0 2380 PP-14B. ý1. /16" back crck/.

711 ii 2427 FP-MB. 4-16" back crack. 1/,41 opening-
* 12 248i HJt edge of plate.

'513 2500 FP- L. 3-15/16" back cri-ck; 3/1" opening.
-- 75Q, i4 25 64 C'ý-FT? -3S ";-- ,/116" x l l i

-75 15 2517n PP-LB 4-3/9" crack rnnlnn inF o R 14. lb.

-- r"i y allistic limit at 75' 2313 f23"
n•T1, ba1Iet1 li, it at 75 - 254i f/9

W W

S - , w w w V V S S S S • • 0 •



1ALLISTIC IATA SHUET NO. 2 (C0NT'D)

Fla~te
Plate Rd.. Striking

Obliquity No. Velocity Results

20 W, AP MZ5 Firings:
75r - lost Hit clwap.

75" 1 lost CP Nose rAjected, base PTP. 6-i/4n x 2-7/9 N S
crack.

75' 2 169g CP-PTP L5/9"' x l-7/90 exit hole.
750 loeta 21 OP-PTF 1/16" x l-7/9" oxit hole.
750 1ostEn PP-_MB 31" crack; 1/9" opening on bulge.

aArmy ballistic limit at 75" - 1395 f/u (Estimated from powder loads). ,

nNa'y ballistic limit at 75" - 1395 f/l (Estimated from powdor loads).

-- -

'1
I

S - - - w - -. --- --

... . . . .



BALLI1,20 DATA SHEKT 110. 3

inwmetal Plate FS-574--1
D~ow ChemIrAl Company 675" x 30" x 30 "

Plate
Plate Rd. Striking

0bNiouity 1o. Velocity R)sul t s

Cal. r3 AP i12 Firings:

(IQ 32 1995 BS 11/16" x 3/gN (2 petals off) For information

only.
3c 28 1 -7 3 a"n CP-PTP-BS 7/411 x 1/4". Crack 5/S' x 1/16".

30a 29 1o;t PP-SB
30o 30 1350 Struck Rd. 29. OP-PT. BS 3/L," x 5/9".

30L 31 1331an PP-MB-CIP. Cracks 5/1" x 3/3P". 5/9" x 1/16". 5

Army ballistic limit at 30' - 1352 f/s

'Navy ballistic limit at 300 1352 f/s

45' 21 1454 Off the plate.

450 21 114614 PP-S•
45o 22 1545 PP-SB
450 2, 1603 PP-SB
45w 2 lo st PP-SB
1450 25 16 5 1a,n PP-SB-Clp

450 26 1737 CF-PTP BS 7/9" x 7/84.
45- 27 169 8a.n CP-PTP BS 7/9" x 1/2".

a ballistic limit at 45" - l1T5 f/6
nNavy ballistic limit at 45* - 1675 f/,

6oc 6 2650 CP-PTP BS 1-3/14" x

60° 7 214,45 CP-PIIP 3S 2-1/2w x 7/1".
O 60 2363",n PP-SB

60* 9 2423an OP-PT? BS i.../l" x 1 / 2 ".

&Army Ih$ -ti- JiMit At CO0 - 2393 f/s

nNavy ballistic limit at 600 - 2393 f/e

Cal. J0 AP M2 Firings:
1CQ 10 l10t PP - 21." crack (no width)

6C0 11 1822 aP-FTP BS 2" x 1-3/9".
600 12 17 1 1a,n CP-PTP BS 2-1/21 x 1-3/9".
60° 13 1430 P-SB
6c 114 1631 PP-SB
60- 15 16goa-n PP.-SB S

AArmy ballistic limit at 600 - 1696 f/s
nNav, ballistic 1inlt at 600 - 1696 f/s

. -
W- - -

Q a 0 0 
.



RALLISTIC fLATA Sa-r. No. ]
Dow Chemical Company 30 ' Dowaetal Plate M8C569

Plate
PlAte id., Striking .. ,

O•bliauty lo. Velocitz Result& . ..

Cal. .30 AP M2 Firinau:
o

0 20 1 3 3 1 ",m CF-PTV BS 3/9" x 1/44 Cracks 1/2' x 1/4-,
S2.1/2' x 1/84

0 21 1190 PP-CIP Crack 13/16" x 1/32'
0? 22 1.240 PP-CIP Crauks 7/]' x 1/9', 1/2N x 1/8,
0? 23 12 S2 .n PP-CIP Crack. 7/8' x 1/9l9 3/s' x 1/16'

aArmy ballistic limit at 00 - 1307 f/s
UNavyr ballistic limit at 0" - 1307 f/l

30 11 1196 PP-3z
30P ? 12 123 PP-MB Crack 1/2'
30? 1 130 CP-PTP BS 7/5' x 11/16K
30, 1 1402 CP-,PP Bs 3/4•' x 7/16'
30? 15 1177 PP-SB
30? 16 1-252 •.
30? 17 11400&-u CP-.FP BS 9/16' x 3/''

A 30, 15 1305 PP-1B
30? 19 l 3 41"Iz FP-,MB Oracks 3/14% x 1/8N. 5/9' x I/so 4

"aArv ballistic limit at 30° - 1371 f/s
BaNry ballistic limit at 30? - 1371 ;fl

Gal. 0AF M42 rir1.ngs:

450 9 1320a" PP-SB Crack 1- /4'

aAnW ballistic limit at 450 1334 f/l
* Xl~ayy ballistic limit at 45t 17334 f/a

600 1 16o0 PP-SB
60?0 2 1970" FP-.W Crack 3'
60?0 19 POf 1 CP Crack 3-1/21 x 11/..

6o? 1-56? Bp Y.F/2' x 1-1/2'
* Am ballistic limit at 60" - 1995 f/s 4

nNavy ballistic limit at 60? - 1938 f/l

20 am. 1M75 A?' Fria~st
750 5 1430 PP-LB Crack 5"

• 75? 6 15b0 PP-LB Crack 6-1/2,
75? 7 17'~sn PP-LB Crack 7-1/2'

750 5 1 7 7~an CP-PFTF BS 8'0

8my ballistic limit at 75 - 1748 f..
nNavy ballistic limit at 75? - 1749 f/s

* S S S S S ' 0 4' ' 4' 4' 0 S 4' 4' 4



BALLISTIC flATA SID=~ NO. 5

Dow Chemical Compa.y Dowmetal Plate YS574-2
.766' x 30' x 30' S

Plate
, Plate Ra. 8triking

SObliuity _ Velocity Rsults

Cal. .-30 A? 12 Firings: ,

° 25 13o',n OP-P Bs il/i6 x 1/25o.? 26 nRo F11-cip
0? 27 1110 PP-.B
O? 28 Lost PP-LB0? 29 1300Ln PP-LB CI? Star crack 0

&ArmV ballistio 11=t at 0* - 1325 f/,
4n&T7 balliztic limit at 0? 1325 f/a

300 18 147 Backed. by vupport - Disregard
30? 19 i1: Struck Rd. 17 - Disregard

30F f 20 Q1473l" n Cra.5/IS x 1//30? 21 Lost CP-PV B 3/• 1 /28 "
3o0? 22 1674 CP-PTP Is 3/40 x ii/16, 9.- i•i30 ".- 155 Src"d 2 irgr

4LAr balistic limit at 300 - 1495 f/l
niavy ballistic limit at 30, - 1495 fre

1450 10 1960 OP-PTP B5 31•"4 '5/3v Cracks 3/N, 1i/-4
lip ,1 1.815 OP-.. BS 3/411 x 5/8'45?! 12.° i 161*1 PP-S2

14a5? 13 1137 &"' CP-FWr BS 3/140 x 1/20 Cra~ck 1/2K
45, N 16 o70," PP Crxack 1-1/14' x 1/16'

"Army ballistic limit at 450 - 1704 f/ls
ltavy ballistic limlt at 45? - 1704' f/s

600 5 261 2 !a-aP-3
60? 6 2872 CP-FTP BS 1-3/16N x 7/9N
60? 7 Lost PP-S3
6o? 9 952 CF-F BS 1-1/2l x 5/8v'
6o? 9 2652a," OP-FTP BS 13/16' x 1/2'

6A-,w ballistic limit at 600 - 2632 f/u 0
nNavy balliatio limit at 0,0? - 2632 flu

* Si

* - -, V S



S S

RALLI ST1 0DA" A SM.TU (CýOýNTUP)

Id 1i.e S I

rPate Rd. StrikinL
ObliQulty No. Velocity Reru t; _.

Cal. .50 A? k2 Y.rins,:

"30o 15 1073a PP-J
30? 16 l1 3 0&on CP-OIP protrudes 1/2K 2S 1-3/16' x 3/14Q •30? 17 1177Z C2-PTP BS 1-1/16w x 1-1/40

'Army ballietic limit at 300 - 1102 f/l
ýNavy b-ilistic limit at 300 - 1154 f/s

75°0 1 2667&. C•=-•? 3s 3-1/04 x 2-1/gs 6
75? 2 2542 3ackad by support - Disregard
W5? 2555 PP-ME Crack 3-1/20 x I/B'

75? 2619an1 PF-IB Crack 3-1/4' x 1/9'

&Army ballistic limit at 759 2613 f/s
"nsy 'allisti, limit at 75?- 26-43 f/8

I"ot"

S ""

S -- -. - - - v V V V S



EU=SI-C WA SMXT NO. 6
Dow Cba~oalr Co~rpa•y Doweta1 Plato ?5165C9-I

e .998' x 18' x 36'

Plate
Plate Rd4. Stri k a.

"ObUajity N(o. VSI t P silt."

""a. .30 o. M2 Firig•,:

00 1 11450 FPP-CB CI? Star crack P, 1/2"
0? 1.9 1-PT., 0S2.1/16'x31,'
Op 20 FP-CIP SE Hair crack 3/4'0,? 2 1 156& 11, " C4?-:n P J d 1/4, x 1/4, 3ta cr ack• 7/ 9'* x 13/16 9
0? 22 1 5 2 1asu PP-CIP LB Cracks 3/41 x I/V', 12 .23 2577 CP-PFT BS 1-1/16' x i'

&AM ballistic limit at 0'*- :1541 f/a
raVry ballistic limit at 0 - 1541 f/5

300 24 i6eo OP-P-?U BS 5/8' x 3/.1'
0 25 1 6 32 ,"u Gi-CIP -S 5/9' x 3/9", lose Protruding I/5'
30? 26 1585& F-uLB

LAxM ballistic limit at 300 1"0 f/a
ZI~avy ballistic limit at 30? 1"5 /

609 1 3 10065t PP-SB Cly 7S 1-3/14' x 1-1/i"

*Ca., ,50 AP KR Firin._:

6Go 2 1890 PP-SB
60f 3 2150 PP--.
60?, 250 PP-MZ Hair Line crack 2-1/2"1
60? 5 2325 PP-SB Hair~ Lin* cracok 3-1/)40

*60? 6 232 PP-Grack
60,? 7 2367 ?P-Cr=kC 1' x 1/g"
60% S 2397 OP-PP BS 3-..3/140 x 2-14/16"

&ArM ballistic limit at 00 2377 f/s
ON&Yvy ball1itto limit at 60' - 2377 f/1

209 27 11658 PP-:.3
30? 2 125 9 4,u OP-CIP Core Intact. Back cracks 1-1/4H x 1/8m,

1' x 1/5'
300 29 1297n O-PP ES 1-5/9' x 1-1/14'

Ar�my&Ilictt¢ limit at 30 - 1W2 f/u
Oftry balliutic limit at 30? - 1273 f/.

0w

• - -i '.i " .
-" .. "... ..



* I

BALLISTIC n.Luf sIIW No. 6 (CWTOD)

Plate i S
Plats Rd. Striking

Obligaity No. Velocity . ... ..

20 ri.m AP )45 Firing:s:

600 1, 1521. 2P-LB
60o? 1 1611 Hit Rd. 2 PP 5-1/b crack - Disregard
60? 15 1707n CP-fTTP
60? 16 1720 Hit Rd. 15 CP-FIT ME 3-3/4f x 2-3/8" (Rd.16)

Crack from Rd. 10 - witena'ed a•d connected to
Rd. 16, Minor crack 1-7/S9

60 17 1750C C-PTP BS 3-5/1' x 21 Kinor crack 1-3/9'

nNavy ballistic limit at 60" - 1729 f/u

750 9 1987 PPA-B Crack 5-3/16'
75? 10 2220 Off the plate
75? 10 2225 P.-LB Crack 7-9/16' z 1/16' a
75? 11 2 41Qan CP-,PT Broke off upver ripgt hand corner o'!

plate (BA. 11) •4-5/16U 2-3/8' B8 3-15/164
x 2-1/2', connects by 2-1/0' crack with EA. 9
Minor cracks 20, 5/80

750 12 236s&.a PP-LB Crack 5-7/Sg x 1/32-

&ArAM ballistic limit at 750 - 2399 f/s
ONa&y ballisdic limit at 75? - 2389 f/a

.s1

* •.1
* o

* o

*.. .. . -: .. : .. . . U - . . . .- - -. . . - S :. .:. . . , . - S. .; -- . :_. ;. . S. . . -



Dow Ch:cal Company DTo:8 :7al, Plate FS617,1
1. 1180 x Ign 1 30"

Plate BA. Striking i .
•bliui~y No__,- Volocity Bmla.i•- .

Cal. .3o AF X2 Viingz:

0 21 1512 PF-LB Small star crack
0? 22 159O&,O PF-LU Small utar crack
O? 23 1536 PP-LB Small star crack
0? 2 163o0.& CF-TPT Bs 5/5' x 1/2'

army ballistic limit at o0 - 1605 f/,
uNavy ballistic limit at 0? - 1605 f/s

30 16 1 805 an CF-PTU ]S 1/2" x 1/2'
30? 17 1637 Struck Rd. 14 - Disregard.
30? 18 166o PF-SB CIP
30? 19 1689 Struck Rd. 2 - Disregaort
30? 20 1747arn PP.. Cracks 1' x 1/92. 3V8" 1 1/8n, 1/)4'xl/69

&Army ballistic limit at 30.- 1776 f /s
=Nary ballistic limit at 30? - 1776 f/s

45 9 2155 CP-PTF B3 3,4* x,5 a5/S', Or3. 312 645? 10 2176&-n W-M 1/0, x 1/0 Crck, 3/4c= x 3/16v . i,

Circular crack 3/,4.
S I! 212!tn PP.4

a^AM ballistic limit at 45- 2149 f/'""
I'Navy ballictic limit at 145? - 2149 f/a

600 1 ?!5S3 ?P-SBi
60? 2 2792 PP--SB
6o, 3 30o9 P-PTF BS 7/ x 112'
60? 4 29# 2s,A CP-T•,r Bs 3/4' x 1/20 a
60? 5 2884•02. IP-40 ClI

aA.137 ballistic limit at 60 - 2913 f/u

n~avy ballistic limit at,60? - 2913 f/u .....

C9,_ ,O5 A.P 42 •irins: S

25 1323 CF-PT? BS 1-1/14' x 1-5/ 1 6a
0 26 1165 U-CIP Nose protrudes 1/14" BS 1-1/5' x 3/14U
of 27 1060 Hit edge of plate - Disregrd"
o0? 109 5s FP..
0? 29 1140& OP-CIP Star crack 1-3/9" x 7/96 x 3.'16o 5
O? 30 1193 CP-CIP Nose protrux-es 3/8'

-, ,- . . , - .



BA.LLZSTIO DA-TA MERT NO.--7 (CONTID)

Plate e
Plate Rd. Striking .

Obliquity - Velocity Reuults.

Cal, , 0 AF M2 11rin8gs:

00 31 1229 Too los5 to Rd.. 30 - Diaregard
0? 32 1202n CP-CIP Core protrudes 3/4" BS 1-1/40 x 3/4" 60." 33 1258n GF-PTP BS 1-1/40 x 3/40

8 Ar-ny ballistic limit at 0" - 1II1 f/u
ANav7 ballistic limit at 0? - 1230 f/_

309 12 1.27 PP-MB CIP Crack 1-1/g" x 1/8" S

30? iý iý4f~ PP-MB Craok 3/9"
30? 1 1 1-1 CP-T "4BS 1-3/16: x 9/16m
30? 15 13978.n CF-PTF Is 1-3/16 1 1-1/14/ Craak I'

a'Army ballistic lirait at 30 - 1371 f/l
a 1V&-'y ballistic limit at 30? - I371 f/s

45° 6 1729&-n PY-S
7 1.753, O-FTF BS 1-3/4' x 1-3/0,.

45• 9 1794 F-?P BS 1-7/16" x 1-1/41

IamyM ballistic limit at 450 - 1744 fl/u
vy ballistic limit at 45? - 1744 . . . .

6 w w w w a 9 0 Is 9 0 0S



ailLISTIC DL• 8H•3T NO. 8 .
Dew OChezs. Company Do.eta.1 Plate rS617-1

1.11." x 18 " z 30'

Plate
Pla~e lRA. Stri•ing

Ou o. yeUeuAsu2.t$

4 9 22 CF-PTP 3B 3/4: z 1/2.
20 i47 OP-PT? BS 3/4i. x 3/0' Crack 7/8w

15p 21 2299 OP-PT? 3S 5/90 x 3/141, Orack 3/140
51 22 Lost Hit Rd. 21 - Dier&agr&

45? 23 22144 OP-PT? BB 3/4+" x 5/80
214 21146 PP-lW

452 25 2225 OP-1P!P Crack 1-1/14H
2, 8 2135&u OP-P BS i-i/i6' x !/

14? 29 2156 OP-PT? BB 3/4+' x 13/16v
15? 30 2 080A9,2 PP-OIP Crack I'

aArvW ballistic ;ixit xt 145 - 2108 f/l

NaXry brallstic limit at 450% - 2108 f/u C

300 26 363&, OP-Cl? protrudes 1/2' Cracks 1' x 3/8", K
1-1/2'" x 3/8"

300 27 'L421&92 OP-PP BE 1-3/8' 1-3/S, ,

&AMr1, ballistic limit at 30 -

UNayy ballistic limit at 300 - 1392 f/.

600 14 2-338 G?-! BS 2-3/40I" •-!/;.6
60? 11 2358 Hit top of plate - Disregard
60? 15 22149 Hit Rd. 10 - Disregard&

60? 16 2199&' GP-,PT? Bs.1-3/8' x 1-1/5m Cracks 1-7/9* x 1/14
;O0 17 ?110 Ba.Ked by support - Disregard
6o0 19 2022 PP-BB
* 0 31 2022 PP-8B S
60? 32 2179 StrIuck Rd. 10-15 - Disregiard
6GO 33 215 5&,n P•-.-

Sb&alhiti limit at 60O - 2177 f/"
'garv ball.stic limit at 60? - 2177 f/lu

22m , !75 AP tiring-.

6o 10 1780 W-P'? BG 3-1/2N x 2-1/116'
6o0 11 16 87 &,n P-P-.-
60? 12 175- OP-FTY BU 4-9/16' 2-1/8'

1L~rvy b4.111oltie lim~t at 600 - 71b f/s
nNrYY 'Ua11istic limit at 6010 -171 f/u



BAILISTIC DATA SHE .T NO. 9 4)0WN'D)

Plate S
Plate Rd. Striking

ObliSutty _Yl Velocity Resu)-ts

2 am, 75 AP Yirinag:

750 2 Lost Hit top of plate
"75? 2 Lost F?-KB
75? 3 2395 PP-LB
75W 2 76 Hit camp
75? 5 249o CP
T5? 6 250o PP-LB
75, 7 2590 Struck Rd. 2 S
75?' s 2600 PP-LB
75? 9 2690 lit Rad. 2, 7

Du~e to destruotion if plats by the projectile at this obliqaity, firing

vaw& dicontinued. No limits were obtainod.

CI"

I•0" ,,• W W W 0 0 • 0"•

: .- • - • • •• •• . -i-•:. :.••:.:: : : • . •-: •" ":ii! :: • i : -:"i•: )J -."i .". .•: ' :. _ . •• '.

S



BALLISTIC DATA SRPMT NO._2O

Dow Chemical Company Dowmetal Plste PS617-22

Plate
Plate Rd. Striking

Obliquity Np V eelocit.y ____lt__

' Cal, ,30 AP M2 Firi•fsl:

00 14 1574a'g CP-CIP Nose yrotrudling 3/8' Star crack

3/0x T'8" x 14
0 15 1570a PP-SB-0 P Star crack 3/h"xl/16xl/S"

00 16 1560 CP-MB-CIP Core protruding 1/80 Star Cracka
Sx 5/8" 3/16"

0 17 1750 CP.JTP.-.BS 7/s"x7/s"
00 18 1622n CP.PTP Jacket in plate, BS l/2"x3/9', g

Crack i/2"xl/g'

LAiry ballistic limit at 00 - 1572 f/e
'Navy ballistic limit at 00 - 1599 f/s

Y)30 9 i824a"n PP- Crack in back V~xl/16"

iot 10 1990 CPPTP Crack 3/~4"x1/9" B-5 3/i4"xi/2"
30 11 1939an CP-PTP-8S 1/2Nxl/2"

aArmr ballistic limit at 300 -13ý32 f/s
nNavy ballistic limit at 300 '532 f/u

Cal. .50 AP M2 F.rnngs:

o° 12 12•40on C-?TP?-8s -5/16"r7/8", ';rack 1-1/s•/i8 ;4v
0 13 1195n 0p-CIpTjS •.-1/16"x7/8", cracks I/2'xl/','

Nose protruies 7/9"
0 23 lo01a PP-LB-0IP.T, Crack - Star l-3/9"x5/"'xl/8"

24 2 I428a CP-CIP Nome protrudes 11/", Star crack

aA•my ballistic limit at 00 - 1125 f/O

nNuvy balli.tic limit at 00 - 1215 f/u

300 1ý 1392n CP-PTP-BS L.3/S"x7/5" a
300 20 1344" CP-CIP Core intact, B cracks 1--/4"xl/S%,

1-3/"l/"gs"
300 21 1306a CP-PTP-BS l-l/h4x7/5" crack 5/8"xl/mS
300 22 1249A PP-CIP-B Crack 1-3/8"

A@

aArmy balliutic limit at 300 - 1279 1/-
nN... ballistic limit at 300 1363 f/, . .

S . . . . . .. . . . . . . . -

. . . . . . . . . . . . ... . - -. . . . . . . .

- - -• --- -- --



BALLISTIC DATA SHrM2 NO. j (CONVD)

Plate

Plate RI. St rki,.".g
Ob)iquity 4  Velocity Reults

450 5 1729 ,fl C-Bs if/16."5/g.
45 6 16gi PP-)kB
450 7 1719& PP-LB Core intact
1450 5 1797n CP-PTP l-5/S"3l- 7 /16"

a 15Army ballistic limit at 450 - 1724 f/4
nNavy balliatic limit at 450 - 1763 f/l

20 MM AP M75 Firings:
450 1 10734 5P-p(
450 2 LOST Struck edge of p'ate Disregard

I•5° ii1 5 PTP.Bs 2-1/4"32-i/8"3450 14 llP7a PTP-BS 2-1/2"x: 2"

&A-my ballietic limit at 450 - 1,100 f/I

navy ballisic l.mit at 4o0 - 1100 flu

* v

* S

* W V - V V V V _ .S



BALLIStm IC DATA SH7ET 1i0, 10

Dow Chmmical Company Dowmetal Plqto FSIC-617
1.105" x 17" x 30"

PInt. lid. Striking

OAl. .)0 ix M2 Firitipgs:

00 13 1S(1l CF-PTP Jack-t in -0late BS 1IP"XI1/2"
Crack 11/1ý,"X1/?"

014 1613 PP-SB-CIP
00 15 l 7 g6a,n CP-CIP Nose r~rotnadinP, 3/iCý" StAr Crack

00 16 l50l'n CP-PTP Jacket in plate 3S 3/4"x5/9"

017 1645 PP-SB

G~o 19 LOST PP)-LB-CIP Back crack (stkr)

00 19 LOT P-LB-CIP BC (Hort~zontal 3/~"
0 0 20 1 ,5 PP-LB-CIP BC (qorI1-ontnI 1-1/20)

0- 21 1710 Struck Round #20 Disrerard
no~

22 1730a P?-LB 3C (star)

aArmy ballistic limit at ~00 1759 f/s

nNavy ballihtIc limit at 00 - 1'9~4 f/a

300 23 202 8"~f CP-P¶IP BS

300 224 1900 FF-5B

30 0 25 1 950 a,n PP-LB BC 7/9"

aArmy ballistic limit at 300 -1999 fl/a
'Navy ballistic limit at 300 - 1999 f/.

Cttl_..50 AP M2 Firing-.s.

00 11 13 10 '~ CP..PTP-BS lhx-ýI4", cracke 51/9" 1/2-. 1/2-

12 12p CP-Cl? V,,s rrot:-adinv l![" BS 1-1/8"xl/'

Cracks 3/4'". 3/19m
C.0  3 3 121--05 C?-LB-BC (star l-l/4'x"xIMX/IPI)

S o L 122168 PP-)S Himir craclk 1/2"

aArn-y ballistic limit at 00 - 1231 f/s
nNavy bal'istic limit At, 00 - l'07 f/s



BALILISTIC DATA S1*T NO. 10 (CNT.'D

Plate

PInte Rd. Strikin-

Obliquity Vloct Results
CAI. .50 AP M2 Firinopf:

490 1739 PP-SB
11°0 LOST Struck Rd. #5. 3B

7 iF3A PP.MB
L50 9g 2022 StrUck Rd. #7. CP-PTP-BS I-I/ PxI/2". Disregard
L15 9 1973n CP.CPP BS V"x2" crack I-I/lG"
l50 10 1924An CP-CIP BS 1_-/4"xl-/l1"' crack 13/16*

nNavy ballistic limit at L50 - 1949 f/s
26 1g8.5 Too close to Rd. #1. DIsrgeFard

27 9A PP-S3

eArrmy bal]litic limit at 45o 1910 f/s

20 M A._ M75 Firingn:

600 1 2250 CP-PTP B3 4"xl-3/16". IMinor crack I"
60° 2 2104 C?-PTP BS 3"x2.1/g", Minor crack 2-1/.4"
600 3 1962&'n PP BC 7"x3/l16
600 4 2o2 6a,n CP-PTP B5 5-3/el x2-3/8"

'Atmy ballistic 1imit at 600 - 1994 f/'
nNavv ballistic limit at (,0° - ]/OL f/s

.' . ." -

- ° ,- -.- . .

• ... . . . "
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BALLISTIC DATA SR[ET NO. 11

Dow Chemical Company Dowmetal Plate FSIC-617
1.313" x 1' x 30"1

Plste
Plate Rd, Striking

Obliquity No, Velocity ResultsCal. .30 AF M2 Firings: -•°

00 26 LOST PP No B
0° 27 179 0 ain PP-SB Face cracks r-inning to Rd.#12

0° 2S ~Ig9 Hit edge of plnte.

0' 29 i920 Backed by support.
00 30 1920 CP-PTP Jacket in ,late netaling BS 2/8"xz/h"

00 31 LOST CP-PTP Jacket in plate petaling BS 1/2"x1/4" 1

00 32 1 7 9 5 a n CP-PTP Jacket in polte petaling BS 3/4"xl/2'

aArmy ballistic limit at 00 - 1793 f/i

nNavy ballietic limit at 00 - 1793 f/s

* ý0c 23 l9U0a PP-SB-CIP ',air crack 1/2"
0° 2?I 2097n CP-PTP-hS 11/1i0'"x5/9". Crack 3/g"X5/9"

300 25 ?O 8 On CP-CIP Crack ./4xi/g"

O0 33 1985 CP.PTP Thri, back exit of Rd. #12. Disregard

300 31 19•5a CP BC 7/g"-I/g"-'

aArmy ballistic limit at 300 - 1953 f/l .
rll,,y ballletic limit at 00 - 20S4 f/s

Cal. *ý0 AP M2 Firin:..-

14 2350 PP-V&-CIP Core intact

15 5 2 a C Crack 31/x/"; CIP Core intact
50 16 25h17 PP-SB-CIP intact

2•42n CP-?P-BS 3/4"x3/1 "
5 ra PP SB

19 2 5 g 5 n C& Noae protrudng 2. BS 3/4'x 3 / 4 - Core Itact

aArmy ballstitc limit at -. 50 - 2519 f/s

nNevy bpllistic limit at L40 -. 2614 f/s

Cal. ,50 AF M2 Firinge:
0° 35 13•aý CP-PTP BS i-i/16"'X5/Ie"

o0 36 1279 Hit Rd. #20
CO 37 1292 Hit Rd. #36 a
0o 19 127gan PP-XB-CIP Core intact :G 1-5/8"xi/16""

aArmy ballistic limit at 00 1311 f/8

nNavy ballistic limit at 0n 1311 U/.

. - - " . W L- " . - . - . -



BALLISTIC DATA SB71T NO. ii (CO•T'D)

Plete
Plate Rd. Striking I S

SNo Velocty Results

Cal, 50 AP M2 Firings:

3O0 20 l 416aY'n CP-VTP l-1/hL"xl-3/9"
300 21 1344 PP-CIP Crack 1-1/'4"

300 22 1 3 73 a,n PP-SB-CIP , •

aArmy ballistic limit at 30) - 1395
"nNavy ballistic limit at 300 - 1395

600 10 2338 PP.SB
600 ii 25714 PP-SB m
•0o 12 273lt'n CP-PTP-BS BS I-1/9"xl" crack 2-1/2"x1/ 4 ". 9/16"
(o0° 13 2 6 7 3 a n pp-MB

BArmy bal'istic limit at e00 - 2702

"UNavy ballistic limit at 600 - 2702

20 MM AP M75 Firingg,
450 3 1107 PP-S3
450 4 1313 Struck edge of platA.
450 5 1306 Struck clamp - CP-PTP

12241n PbMB

45° 7 1296 Struck previous Rd.
5 9 LOST PP-MB Partly backed by support450 9 1276a&n Cp-PT.-p

aArmy ballistic limit at 450 1250 . -.-
nNavy ballistic limit at 450 1250 f/s 9

750 1 2690 Hit edge of rlate.
750 2 2690 PP-MB- Crack 5"xl/1 6 "

Plate teeted at this oblicuity discontinued as the -txi=um load . . ..
resulted in FF.

.-.

I-j

K.; •



R',kL3ISTIC DATA SITEE7D NO. 12

Do Chemicnl Company' Dowmnetal Pla~te FS659-1.

Plate

ob! toil tv 0a Velo~city _______ Re~tugt

00 21 15A0 PP-SB
00 2? 17A6 FPPSB Crackini, in belck 5/8"

Co 3 19A0 Fit Rd. *)15. CP-PTP-.RBs 3/U t'X5119" T~trt,'!ard
00 24 1930 0P-P-,P BS 11/1ýHxVV~ cracks 31c, 1/4
00 25 192L, PP-143 Crr.ckn 3/L-"=i/l6`, l/ 2:, 1/1 6 "

26 2 a~ C?-PT? Exit 1/4l4 11:17t or ck 7/9flx 5/9"00 27 g6~', PP-CIP-.. Crck I/Yx I.-

a1Al.Y ba~llatic limit at 00 - 1995 f/9
nNavy. btllIqtic li,6. nt 3'0 - 1995 f./s

'0- AF H2 Firhinc,:
C O 29 1278 Struck too closo tc. Pd. #15. PP. Disregard..

00 29 13ý8 Struck too close to lid. ?28. op-n'P-fl 1-1/8"X1"
0030 1392 Struck 20 M!, Rd.. OP-PTP. rleregard.

00 31 1 3 7 3 a CF-CIP Nose r.ýotrudinp- 1/9" BG -/x/"

0~ 17 LOST PP-CIP Cracks 2-3/8", 15!ý16t1
00is 1306U PP..M.J3 Core & Jacket in p1iete cracks 1-.1/24", 3/~41

C0 19 1411- OF No,.c rrotruding 1/~4' Star cr,-.cks 1-1/Sux3/4!1

a)~~ bal1l.stlc' limit at 0oci340 f/s
N r v-,'V- is¶,ic limit at Oo-14ý4 f/s

12 2933 PP
6o01 13 2909 CP-?TP 3,.11/16S"x7/7"
600, i4 IT3a~ _~.Pr 5/1'n X5,1,i
r,00 15 2790 'PP

aArmy bdal stic limit a~t 600 2910 f/n

'Navy b7 aflliti limit at %00 291~0 f/s



BALLISTIC DATA SRPM NO. 12 (C-'NI2ý

20 UN AJP M75 Firin,.:
"Plate

Plete •d. StrIking
Lt No. Veloci t~v Results•". --

600 3 2311. CP-? 4-5/9"X2-3/8" - .xit 4:-5/8N2-3/9"
600 4 LOST Hit too near Rd. #3. Crack 7-1/4"xl/4•/ ;'Exit 4-5/9" X2-3/9"
,%0 5 1910an PPSB

6oo 6 LOST P?-5B
600 7 2115 CP-PTP 4-i/i4'x2-1/2" - BS
.0o 8 LOSST CP-PTP 4-1/41 1x2" - 's

600 9 2015 OP-PTP Broke into exit of Rd. #8 (Rd. #9)
Exit resulting from Rds. #g. #9 - 6-1/s"x2- 5 /S" S

ro 10 1957 'Tdge of plate
6100 11 19 (,2a.n CP-PTP Near upper edge Rd. #11.Ixit of Rd. #11

was thru upper ed-94 of plate. Crack in beck
2-2/3"x1/4m,.

aArmy OijljqtlC )iuit rl •0° - 193ý f/3 S
nIavy ballistic limit at 00 - 193Y f/s

?0 MM AP MT7 Firin:s:

750 2299 Struck clamp
750 1 2454 PP Uit 6-1/2"x2-1/9"
750 2 2688 CP IrPTP Supported in back; Exit 6,.l/2"X2-1/B"

Firings suapend.d due to lack of space on plate.

S

*6 6

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



RTTA.I:¶TCr DATA SI~n.r k!o. 1ý

Plate Rd. Striking
ObU'~ut IV Lo- velocity _______fesqu It S

Cal. .30 AP M42 Firinfgs:
C 26 LOST PF-Sfl

0027 2029 CP-PTP Exit thru BS of Rd. #4, Disrep,"rd.
00 29 209,7 cP-prp BS 1"Iti/161

30 179JI"'I PP Stqr crack in back

003 1 1810 PP struck M~. 03. D 16 ~r t..-z d
00 2 17) PP Very smAll star crack in b0ack

00 33 17F0 Strack PA. i3. D Iiýr eaC
00 7 1. r PP Partly backa ~',. uoirpprt. Diare,-ard.

BArriy ballistic limit at ()3 - 11--0 r/'sS
nNetvy ballistic 1im~t at 00 1SO f/s

CR10 23 0 Al 990 Flir

1*

300v baliti li41t atPT B5S47 /

*C 211 219 SPPI DS 6x 2" CS r A 8" xl 91 .

3C2 1~~ C -FT -..- BS 1/"3/" Cr P- 1



' ~BAI0,9TIC D.ATA SfTFFT 110. 13 (CONViD)
6

SPFlats
Plate Rd. StrikingNoq N Velocity_, Results

CAI, r;u A? M'2 lirIngi:
00 36 14ýq. C?-PTP Hit Rd. #15.
00 37 143n 0P-PTP BS l/•"x3/S". Crack 13/1"x•114"•
CO 39 1 3 9 2an OF-7PTP-CIP Cor- Intact; Protruding 7/8'.
00 39 1354a PP Face punching 1-1/2"x15/16".

aArmy ballistic limit at 00 - 1373 f/O
nNavy balltRtic limit at 00 - lu15 f/s

300 14 1335 PP-SBII100 15 1 617 CP-PTP BS 1-3/16"xl-1/3".30° it, h•a PP-RB Crack I". CIP.
30° 17 i5•'' C?-.PTF Bs 1-a14ox!-3/16".

AArmy ballistic limit at 300 1511 f/u

--Navy ballistic limit at 30 - 1511 f/s

45c 5 15:'9 Struck Rd. #1 - PP.

450  6 16oG PP.M.
-450 7 1714 PP-SB

159 19 324 anf OP-PTP B3 3/l4"x3/4" Rd. #9. Crack alon~g

bulva 1-3/I4"xi/2 4". Ci rclilar crack 1-.3/I4*4h50 9 i371a'n PP- SB-.:

4Arm:, ballistic limit at 450 - 1903 f/6
UNavy ballistic limit at L5 0  Q0O3 f/s

20 1MN AP M71, Firings:
1 142•n CP-PTP BS 2-3,1V,"x2-i/,"

45 2 1 93a PP-MB Crack 2".
5 3 1420 Too close to Rd. #2 C?-PTP-iS Rd. *3.

Combinod exits of Rds. vi & #3 -4 -
L .1 4 116Q8'n CP-FxTP Base of CIP -S 2-5/9"x2-1/410

8Army ballistic limit at 450 - 1397 f/s
nýNavy ballistic limit at [-50 - 132 f/a-

.. -... .

. . . . . . . . . . . . . . . . . . . . . . . . .. .• , j.................................................................... . -
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COPY

THE DOW CHFMICAL COMPANY
MIDLAND, MICHIGAN

October 22, 194 3

Commanding Officer
U. S. War Department
Watertown Arsenal
Watertown. Massachusetts

Attention: Lt. Col. G. L. Cox
Laboratory (NAM)

Deer Sir:

This reply to your letters of September l4 and October 11
has been delayed because of my absence from the city. I wish to
thank you for the ballistic data contained in these letters. We
have now received these plates and will examine them for the type
of failure. So far, we have not completed our comparison of the
results of these tests with the previous work on J-1 alloy so that
I will not attempt to state our opinion on that matter at this time.

As you will recall, we previously obtained some improvement
in the type of fracture on J-lh with the one particular batch which
had been processed differently from our regular commercial procedure.
At nresent, in order to produce shcet and plate which is commercially
flat (we endeavor to hold to 0°00010 deviation per ft.), the material
is cold rolled harder than necessary to meet specifications, and then
flattened under weights in a furnace at somewhat elevated temperatures.
This produces exceptionally flat sheet by virtue of the creep which
takes place, and leaves the material hard enough to pass specifications
on hard rolled sheet. At the same time, in our aluminum containing alloys.
it generally causes a certain amount of precipitate of Mg-Al compound
from the sunersaturated solid solution. The J-lh alloy sheet which
nroviounly showed the improvement above mentioned, was not flattened
in this manner, but instead flattened cold on a press of large capacity.
Its mechancal nroperties were not substantially superior to the other
qh•pets, which had bpen furnace flattened, so we attributed the
llf'prence in behavior to the lack of precipitate.

Becnuse of tIii, x-nonriencm, we decided to try to send you
YS-1 alloy in the cold nrens-flattened condition wherever poseible.
Y-)i wv'l rocall that this sheet alloy is now being seriously
ýnrr'li for mome aplicatlons where J-]h hrld been uned in the past.

Best Available Cop>

C:'l'Y

'5
i • '• '• g g g U G • I.Y0 q



COPY

U. S. War Department
Watertown Arsenal -2- October 22, 1943

The designation FS-1 refers to furnece flattened material
whereas FS-IC refers to cold press flattened material. In the case
of batch ?S-lC-569 of 1.11" thickness, the designation is in error.
The material actually was furnace flattened and should have been
labelled FS-l. In some cases, the designation FS has been used. This is
equivalent to FS-I. The only difference between FS and FS-1 alloys
is the impurity content, which affects the corrosion behavior.
Actually, we make only FS-l, and sometimes carelessly refer to it as FS
alloy. No such material is now b-ing produced.

As you will see from the tensile properties of the material
li3ted below, the furnace flattened material in the heavier gauges
is aulte softland would not, in fact, pass the specifications for
hard rolled material. This situation exists because of the high
temperatures which had to be used to furnace flatten these materials,
and because we had no press large enough to flatten them cold.

ARMOR PLATE
Batch Gauge FlatteninK Direction U.S. Y. S. .

645 1/2" Pressed L 41.9 37.0 12.8
T 42.2 33.2 14.3

574 .635" Pressed L )41.o 37.5 7.0
T 40.5 32.3 8.7

574 .675" Annealed L 36.7 23.1 13.6
T 35.2 23.6 14.1

569 3/4" Pressed L 39,11 29.6 7.2
T 39. 31.14 10.3

574 3/1" Annealed L 35.1 21.0 13.1
T 34.g 21.7 14.6

969 1" Pressed L 12.0 36.g 6.5
T 41.8 35.5 10.0

969 l-l/9" Annealed L 3C.8 2F.8 13.8
T 36.3 24.9 12.2

ý17 1-1/9" Annealed L 36.2 23.7 14.5
T 35.9 20.3 13.8

617 1o3" Annealed L 36o11 21.9 13.6
T 35.7 21.2 15.0

1-1/2" Annpnled L 1.1] 25.6 14.2
T 36.2 19.3 114.2

.C. Best Available Copy

S.......... '•' etal lurgc.,[cn Department
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