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E CORRIGENDA e

Watertown Arcenal Laboraiory Report No. WAL 710/265
- entitlod, "Alrcraft Armor - Ballistic Charucteristics of a
: Lagresiun alloy, Dowmotal (Type 3)" dated 22 October 193,

Precise rieasirement 57 the butt ze’up uced v this stvdy dis-
closes a discrepancy bvetwoeorn the nominal and octual odliguities of
testinz, In Watericwn arscual La®oratory Repord o, WAL 710/265-1,

> now issued, the dava in this ropori have been reviowed ond Tigures
£ of wmerit recaleuwlated.
L ]
3 Tnesc recaleuwlations snow that tho formaile ovolved in thls study
' applios over *ho entiro range of >bliquity obsorved (0° to 70°) and

is not restrictod to obliquitics of £0° and less,
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Watertown Arsenal Laboratory ‘\\thﬁfha“fm;; -
Report Number WAL 710/265 iy el e 22 October 1943
Problem Number B-3.1 B AT
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AIRCRAFT ARMOR

Ballistic Chareoteristics of o Magnesium Alloy,
Downetal (Type ¥S)

. osymer

To investigat: the feasibility »f «-ing Downmetal ag armor in
airoraft.

CONGLUSIONS

1. Dowmoetal (Type FS), while affording resistance to perforation
comparable. on a weight-for-welght basls, to that of good quality
non-nagnetis steel armor, neverthelees exhibits sevare tsndercles
toward spalling wbich do not justify {ts use as ajircraft armor.

2, The resistance to perforation of Dowmetal (Type FS) by
oal. .30 AP M2, cal. .50 AP M2 or 20 MM, AP M75 projectiles at normal
incidence and at obliquitiee of 60° or less is well represented,dy
the following equation: TN

Vn = 1535 (ay/d)-?

cos 6

where Vn 48 the Navy ballistic limit in feet-per-second, e) is the
thickness (in feet) of a piece of steel equivalent in weight per unit
surface area to the subject thickmess of Dowmatel, 4 ia the dlameter
of tha projectile {core) in fost, and @ is the angle of odbliguity from
the normal.
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1N TRODUCTION

As sn ald to the desigrer and to the fabricater of alreraft armor, e
& study of the balliatic characterietics of various iypes of material
which might be uged as aircraft armor is being conducted at this Arsenal.

Duralumin (24ST), ar aluminum alloy, has exhidited high resistance
to perloration by projectiles and, on a welghuv-for-welght tasies han '
even greater perforation resistance, at high obliquity, than steel armor, o
It 18 reaeonable to attribute the weight-for-weight superiority of
durelumin over steel at high obliquity to the greater thicknees-
nereunivevelgut 0f tne lignver alicy.

inasmuch as the average airoraft febricator is familiar with the .
uges of the magnesium alloy, Dowmetal, and in view of the faot that thig -]
alloy has an evean greater thickness-per-unit-weight than duralumin, it
wan consldered worthwhile to investigate ite ballistic properties with
a viev, if they ebould prove saticfactory, of recommending ite use es
armor in combination with its varione sther uses in aircraft,

® dccorrdingly, through the cooperation of the Dow Chemical Cowpany, e
: thie Arsenal was provided with thirteen (13) eamples of Dowmetal

{Types FS)*uhich enabled the conduct of a reasonably comprehanaive

balllstic teet of the material.

TEST PHOCEIURE

_ 3allistic tests at norual incidence and at obliquities of 30°,
45°, 60° and 75° frox the normal were conduoted on & ome-mndred yari
indoor firing range, using a cal. .50 Browning Machine (um barrel and
a oal. .30 Mann barrel mounted on a machine rest which permitted hori-
- sontal and vertioeal orientation of the gun to control the placement of -
%] shote on the targe!l and to compensate for any fluctuation im trajectory . _-. .
incidental to a variation in velocity, A 20 MM. gun mounted iz a 3¥ N
fleld plece permitting similar maneuverability was uged for heavier fire. ol .

I L

Striking velscitiee were determined by the use of a pair of
Aberdeen Chromographs counested to screens of metal foil mounted on
° wooden frames. By this arrangement the average velocity of the projeotile ¢
over the distanos between the screens was determined, from which the
striking velocity was computed from prepared correction tadles.

Before firing, powder charges were sstimated to produce the reguired

‘ striking velocity for each round and rounds were accoriingly assemblad [
2o fron appropriate components. .

*For physical properties, see Appendix B, ‘ T ! 1 >
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RESULTS

The results of the hallistic tests have been given in detail in
BFallistic Data Sheets 1 to 13 of Appendix A,

These data have been mummarized in Tables I to V and graphically
representod in Flgures 1 to 5, Velues of ¢ and e} in theae tables are

listed in terms of inches, but e3/d valuss have been computed with oy
in torms of feet. -

The estimated rosistance to parforation of several armor matsrisls
equivalent on a welght-for-weight basic to wtesl whome thickness equals
the diameter of the ai{tacking projectile is tabulated in Table VI and
1llustrated in Yigure 7.

Mgure 6 shows the agreament of the data with an empirical formula
suggested by the constancy of ¥ at normal incildence and at obliguitiea
0f 30°, 459 and 60° from the normal.

DISCUSSION

In order to afford a comparison of the balllatic efficlency of
Dowmetal with that of steel, on a wasight-for-weight basis, the per-
formance of Dowmetval ( e f‘S) in the ballistioc teets at normal incideace
and at odliquitles of 30°, U5%, 60° and 75° from the normal has been
gvalnated in tarms of the Thompson ccefficientd and plotted against
el/d cos 8 in Figures 1 to 5, From these figuree the resistance %o
perforation, at the varlous obliquities, of a thickness of Dowmetal
equivalent in welght-per-unit surface area to a thickness of stesl
which matohes the dlameter of the progectile (core) has been estimated
and this has been compared in Tabls VI and Flgure | with availadble data®
osoncerning the reelstance afforded by aquivalent weights of other armer
materials. —_—
“Table VI and Hgﬁ'e are based on data collected ae basis of a study of

the ballistic charagtisristics of several materials which might be used as
aircraft armor. The complete results o2 this gtudy will be made availadle
in Watsrtown Arsenal Laberatory Report WAL 710750!:, socn to be {ssmed.

1. The Thowpson coefflcient(F) 18 a measure of the ballistic efficiency
of armor and is obialnable from the following:

Faz,mvacoaza‘
e d

where m 1s the weight of the projectile in pounds, V ie the limit
veloci¥y in feet-per-second, 8 is the angls ¢f obliquity from the
nornal, e 1s the thickmess of the plate in feet and & is the dismeter
of the projectile (core) in feet. -

For the purpose of comparing the efficiency of materizls of different
density to that of steel on the basis of protection afforded
Yer-umt-weight used to protect a unit of ares perpendiemlar te ihe

ine of fire el may be sudstituted for & ir the equation, o] being that

thickness of steel which 1r equivalent in woight to the sublect thick-
ness (o) of the material whose efficieacy im being evaluated.

In this repo‘rt ey w ’I'?TF for Dowmetal;

e = _8 for duranlumin;
’ 208 t

€ = ] for stael.,
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Since the flexural rigidity of a material fa a function of the
cube of ite thi‘cknecs muliiplied by its modulus oF alasticity, Dowmetal.
while {ts modulua of alasticity is only 0.22 times that of steel is
nevertheless mors than nineteen (19) times as rizid as sieel of e
surface area and weight lnasmuch as its thiockness on a weight-for-weight
bapis L8 U, U times that of etesl,

Thus, there has been designed sucoessfully an aireraft fuselagse of
magnesium In whieh the rigldity 2f the light alley veuaeer has allowved
the elimination of many of the eupporting membera characteristic of a
monocoque structure.2 If Dowmetal would afford resistance to perforation
comparable to steel or duralumin, thore could be envisioned a more rigid
combat alrcraft atructwe affording greater space for the storage of
armament and ammunition entailing no sacrifice of speed or armor protection.

Figure 7, hovevar, indicates thit only in comparieon with non-
n=gnetic steel armor is Dowmetal (Type ¥S) superior in resistance to
perforation to other armor materinls of equivalent weight., Thus, in
order to provide reslstance to perforation equal to that of face—~hardened
or homogenecis steel, or of duralumin, a greater weight of Dowmetal
(Type TS) would have to be used with £ consequent undesirable sacrifise
of speed and maneuverability.

Figures & to 13 illuasirate characteristic sffecte of projectile
impact upon Dowmetal (Type ¥S). The severs gouging of the material is
attridutable to the fact that, sven at obliquity, the small arms pro-
Jectiles did not break up upon contact with such a eoft material,

Ordinarily, contact by emall arms projectiles with armor materials
at obliquities and at atriking velocities of the order sixperienced in
this program results in breakage o7 the projectile due to = transverse
force whoge magnitude, at o gziven siriking velocity and obliquity, may
be proportional to some_meesure of t.ae resistance of the plate material
to plastic deformation.>

8ince the hardness of Dowmetal ie extremely low (BEN about 60), 1%
nay be assumed that material of thie hardness affords ineufficient
resistance to plastic deformation by a small arms projectile to exert
a trangverse force of sufficlant magnitude te break the projectile. This
failure doubtless dstracts from any advantage the superior thickness-per-
unit-weight characterietic of this alloy msy offer,

Furthermore, Dowmetal {Type FS) shows a high tendency toward bask
spalling, In eome inetanoes, although the projectile in its entire’y
wae rejeoted by the pl-ote, substantial sections smpalled from the bask
2. Beck, Adolph, The Technzlegy of Magnesium and Its Alloys.

London. 1GLO, F. A, Hughes & Co., Ltd.. Page WNT.

3/ Watertown Arsenal Report No. 710/492, Mechanism of Armor Penetzation.
y Second Partial Report. €. Zener and R, E, Paterson. 31 May 1943,
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¢f the plate., This condition {& highly undesirable in an armer material
becsuse, in Addition to the immediamte dammge done Ly the detashasat of
such spalls (which may in some cases be lethal), the protection affcrded
by the armor is permanently impaired dy auch smbet=ntial reductions in
the thiakness of the armor material.

Thig epalling teadency may not necessarily he an lnherent ouarau-
teristlio of all Dowmetal, It could well he the result of an attempt %o
harden the material in order to increase its resistance to parforation.
There is perhapes a critical BHN for every type of material beyond which
1t oanuot be hardened if it ie to withstand ballistis attask successfully
and resist spalling.

Whether this oritical tor Dowmetal (Type FS) has bteen exceeded or
whother the material has some inherent characteristic conducive to spalling
can only bYe determined by further teating,

An examination of gures 1 to 4 dimcloses a remarkable constancy of
the velue of ¥ independent of plato thickness or of obliquity wp to 60°,
While no ready explanation fo. this constancy offers i1tself, the oprortunity
to formlarise the data should not be naglocted.

Thue, the constancy of F gt normal incidence and at obllquities wp
to 60° suggests that the Navy ballistic limit of Dowmetal (Type FS). under
those vondltlons, 18 an inverse function of tho cosine of the anzle of
obliquity, and the following equation is indicated:

Vy = K (el/d)'5
T cos @

where Vg 48 ¢he Navy bellistic limit in feet-per-second, o1 ia the
thickness (in feet) of a pleco of steel equivalent in weight-per-unit
sarface area to the subject thiskness of Dowmetal (Type ¥S), 4 is the
Clameter of the proJectile (core) in feet, 8 18 the angla of obliquity
from the pormal and K a constant to be determined empiriocally, Examination
of the data indiaates that K becomes squal to 1535, and the following
equation evolves:

v, = 1535 (a/a)>

cos ©

The fit ol avereged data to the curve of this equation is shown 4in
Figure 6.

i it it seibndonalinio i
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1f, for a cartain valuo of e/d cos 6, the Havy ballistic limit of
o material is constant over the entire range of obliquity, it would make
little difference from the standpoint of protecting = unit area noraal to
the Line of fire froum the effects of projectile perforation whether a
single unit of thickness of the material were installed at normml incldencs
(where 1/cos 8 » 1,0) or whether half this unit of thickness of the sais
material woere installed at 60° {whero l/cos & = 2,0). Considerations of

spage economy, however, would probably dictate the use of the thicker gauge
at normal,

If (a8 in the cass of Dowmetal (Yype FS) in this report at obliquities
up to 60°) the F value of a material is independent of e/d and of 9, &
supevior protection from the same welght of armor will bve afforded By in-
ereasing the odliqulty of emplacewment, since if ¥ 1s constant the Navy

ballistic limit for a given =/d 2cc 6 varies inversely as the square root
of the cosinsg,

In the case of moat armer maerials, hovever, F doss not ramain
conetart, but rather, varies with obligquity and the point at which a maximun
Havy balliastic limlt 15 afforded by & given o/d cos 6 indicates the obli-
quity at which the material attains 1ts maximum efficliency. This point
le relevant in the design of armor installations,

Oblique erplacemeant of armor ordinarily impreves its efficiency up to
& certain critical beyond which a Law of Diminishing Returneg apparently
beginm to opsrate.

Thie is attributuble to the fact that, if, as obliquity is increased,
c/d cog O 19 kept constant, e/d must diminish zince & larger ssction of
thinner material must be employed to shield the same area normal to the line
of fire in order to kesp the totml armor weight fixed, Az the materisl be-
comes thinner with increasing odliquity, a critical ratic of some dimension
of the projectile to the thickness of the armor ie apparently rezchsd at
vhich point the efficiency of the armor begins to diminish. This may
readily be seen when it 1s realized that at a very high obliquity the ratie
of plate thickness to projectile caliber mast be extremely low i{f the
welght necessary to shield a unit area normal to the line of fire ia to be
kept equivalant to that of a plate installed at normal whose thickness

equals the diameter of tine attacking projectile (for instance, at 85°, the
ratio 18 only 2 to 23).

In the case of denser materials, this critical is reached at a lowver
obliquity than in the case of lighter nlloys, This is doubtless attributable
to the fact that et equal values of e)/d, the o/d valus of the denser ma-
terials 18 lower {eince, in the case of Dowmetal, @] = o_; in the case of

duralumin, e = 328_; and, of course, in the cage of wteel e} = ¢), Tms

the critical rel;tionship between some dimension of the projectile and the
thickness of the plate may be expected to arise at a lower obliquity.
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In the caas of Dowmetal (Type FS), this critical obllquity appareatly
118 somewhere botwesn 60° and 75°. 4t 79° (kipure H) the F value is
substantially loss than ths conatant value characteristic of this materisl
at 0°, 30°, 45° and 60° (Figures 1 to 4), and tho Navy ballistic limit
for a glven e/d con ® is loss thon at 60°, 1t may be assumed that, for
this material, tho critical relntionehip betwsen some projectile dimension
and the plate thickness is renched at some intermediate obliguity.
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((" TABLE VI .
Havy Ballistic Lintts (Cetimated) at Varioas Obliquities of
N Differunt Armor Materiole Equivalent on
:E & Wolpht-for-Wolght Paaia to Steel Whoge ®
: Thickness Equnle the Diameter of the
Attacking Projectile (Coro)
Hv (See aleo Filrure 7) e
0° 30° Yo 60° ]
. Face-Hardemed 3teel 2130 2390 2670 390 ]
' domorencoun Stacl (BHY 3UG-360) 1650 2040 2670 3530 ®
B Ron~Hagnetlc Steel (UYpuc. ANOS-7) 1300 1725 - -
& Durslumin (24sT) 1820 1940 2610 k025 :
- [ -
Dowaetal (FS) 1600 1780 2170 30L5 A 1
: J
o ';
. 4
®
o
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APPENDIX A
DATA

(‘ Kay to Abbravietinns: 9
4
BC Back crack !

38 Rack spall

l - <4

;. C1P Core 1In plate L]
: CL Complete to light _‘
5
R CP Complete penetration B
(. FPTP Failed to paes through plate ! ® |
N LB Large bulge 5
N {8 Med{um bulge )
.. .- a‘
PP Fartial penetraticn L
PTP Passed through plate :
o3 small tulge i

®

®




BaLLISTIC DATA SHXAET NO, 1

A Dow Cnemicel Company Dowmotol Plate F3LC-€US . ™
e x a0M x 3oM

Flate
' Plate Rd. Striking
i Obliquity No, Valoclty Hegulte ' ®

Cal, .10 AP M2 Firingu:

uge % 1319728 CP-PTP Bs 9/8&" x 5/8%,
hye 27 1275 PP-SB
r s e n8 125U PP-SB
. L5e 29 13318, PP_N3 o

8,rry ballistic limit at Y5° ~ 1364 f/s
UNavy ballistic limit at U5° - 1364 f/s

£0° 13 2363 CP-PTP BS 1-1/um x 7/8%, )
® 60 i 226L CP-PTP 35 1" x 13/16%; BC 1" x 1/16". ®
: gc e 15 2077 CP-PTP 3BS 1-1/8" x 3/u%, 3C 1/2" x 1/32".
- 60 16 19,.8:2  pp BC 1-3/4" x 1/16",
c bu* 17 2025 CP-FTP BS 3/L" x 11/16%; BC 3/8% x 1/16".
. 60° 18 19Ls8.B  CP_PTP Exit hole 1/L* x 1/L®; BO 1% x 1/8".
(@ 8irmy ballistic limit at 60° - 1933 f/s °
b DNavy ballistic limit at 60° ~ 1932 {/s
L.
o 75° 7 3100 CP-PTP ZExit lLole 3-7/16"x7/8".
- 75¢ 8 2872 CP-PTP Exit hole 2% x 1-1/8".
o 75° 9 276222 pPpP-SB BC 2V, |
| 74 750 10 281282 CP-PTP Exit hole 2-1/4% x 7/8%, T e
’ 1
' 8Army ballistic limit st 75° - 2787 f/s ]
ONavy ballistic lirwit at 75° - 2787 f/e .
s Cal. .50 aP M Firings: )
° ' Gee 11 136488 gp_g, o 1
YoM 12 13600 CP-PTP HExit merged with Rd. 11 exit;
S 1-1/4 x 1%, BO Ma1/L¥ x 14, l
6ce 30 1285 PP-MB BC 5-3/uU* x 1/16" Jeining crack from !
Rd, 23. 1
60° 11 1311 Passed thru Rd. 2 exit. Dieregard.
® ok 32 13068 PP-MB 3BC 14" x 1/16* joiring crack from °
| R4, 1. 1
3army ballistic limit at AC® - 1325 f/a ]
Navy ballistic liwit at K0S - 1367 £/s g
. ~
- - - - - - - - - - - L 4 - v [ ]




BALLISTIC DATA SHEET WO. 1 (Cont'id)

{ Plate .
: Jlate R4. Striking N
Obliguity _No,  Velocity _ Results —
75° 1 A PP-SB BC 4-1/8" x 1/8" oponing. Three
’ minor cracke. S e
y 75¢ 2 1806% CP-¥PTP ™
75° 3 1850 CP-PTP Hit too near previous rd. Dieregard.
75¢ 4 1875 CP-JFTP Back opening M=1/L% x 3/8",
75° 5 1960°% CP-¥PTP Back opening 4% x 1-3/Lv,
15° 6 20208 QP-PTP Exit diameter 53" x 2"
N 8Army ballietic limit at Y5° - 1773 {/s ®

DNavy ballietic limit et 75° - 1990 £f/s
20 MM AP K75 Firinge:

75° 19 1160 Hit on rd. 8. Dieregard,
75° 20 1156 Hit on rd. 5. Dleregard.
o 75° 21 1224 CP BC 3-1/16" x 1/un, ")
g 75° 22 1299 Hit on ré. 6. Dieregard. :
g 75¢ 23 1275% "  PP-uB
o 75° 24 132022 CP-PTP Exit ¢iameter 3-3/L¥ x 2-1/2".
o Bormy ballistic limit - 1298 /s SRR
e BNavy ballistic limit - 1298 f/s o
§ °
® [ !
j 1
'® °
. 1
4
]
|® .




L e TR T WS W WU W, M e —w s m L = e

[ R T T AP

) ®
BALLISTIC DATA SHEET Wo. 2
Low Chemicnl Comany Dowmats Plate FSLC-57U ) e
635M x 30% x 30
Plate
Platp Rd. Striking
lignl by No, Velocity Results
- - - Tt T } [ ]
Emf- .30 AP M2 Firings:
30° 2u 15263 PP-MB BD Nose in plate.
3CP 25 CF-PTP B35 13/16% x 11/16".
30 26 134180 Cp-CIP Nose protruding 1/#". BS 9/16% x 7/16M.
360 27 13lLsn CP-FTP BS 11/16" x 11716". .
)
farry dallistic limit at 30° - l1ah f/ e
NNavy ballistic limit at 3G° - 13L3 /s
5N 18 1466 PP-SB
u5e 17 15508:%  Cp-FTF 3B5 I/8" x 5/8".
R 18 15128 pp-S3

N
[

S8Arsy ballistlc limit at 30% - 1536 f/e
"Navy ballistic limit at 30° - 1536 f/s

Cal. .50 AP MD2 #irings:

use 19 1697 PP- 52
u5e 2C 1268 Hi+, Ré. 15. CP-PTP. Disregard.
L5 e o1 126g8+"  CP-PTF BS L' x 1-1/W", Crack 1-5/8".
lige 22 11y Hit edge of plate. Disregard.
e 273 176 PP-3SE
LR 28 1212 PP-SB
Lge 2¢ 12cL8,n pr.MB .
8,rny bellistic limit at US® - 1276 f/s
: Wavy rellistic limit at L5® - 1276 f/s
75¢ 5 21439 Hissed plate
75% £ 2220 PP-M3. 1.7/ g back craey.
75¢ 7 a3oeh PP-M3. - 7/8“ back craok. ®
TR g 21Rga CP-CL. 5-7/16% back crack.
5¢ - 2lce ¥iared piate.
75¢ G 2Loy Hit edge of plate.
75¢ 19 2380 PP-M3., 3-13/16" dack crack.
75 1l 2u27 FP-MB. L_16" vack crack. 1/U" opening. .
75 12 dugl Hit edge of plate, °
75° 12 2500 FE-12. 3-15/16" back crack; 3/10" opening. _
75° 14 256%™ C2-PTP B3S U-11/16" » 1-11/10".
75° 15 25170 PP-LE L-1/8" crack ruoning inco Ri. 1L,
Siray baliistic liait at 75° - 234 £/
“hevy ballistic limit at J5° - 2541 /s
[
- - - - - - [~ v (] [ [ ] [ ] ® o [ } ® ®

b s
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BALLISTIC DATA SHEXT NO. 2 (CORT'D)

Flate
Plate Rd. Striking
Obliquity _Ko. Velocity Resulte )
20 MM AP M75 Firings:
T TRt - loat Hit clamp.
75° 1 lost CP Nose rejectsd, base PTP, 6-1/Ut x 2-7/g"
erack.
75° 2 1698 CP-PTP "-G:S/S" x 1-7/8% exit hole.
75° E loat®"  QP_PTP 1/16" x 1-7/8*% exit hole.
75° lost®® PP-MB k" orack; 1/8" opening on bulgs.
8army ballistic limit at 75¢ - 1385 f/e (Estimated from powder lomds).
"Ravy vallistio limit at 75° - 1385 f/e (Estimated from powder loads).

IR TN S V)




BALLISYIC DATA SHEET ¥O. 13

| Dow Cnemical Company Dowmetal Plate FS-574-1 o
,075" x 30" x 30%
Plate
Plate Rd. Striking
Obliquity No. Velocity ' Regults o
™ Cal, .30 4P M2 Firinga: .
;e 32 1995 BS 11/16" x 3/8" (2 petale off) For information
only.
1 28 117380 CP-PTP-BS 1/4" x 1/UM, Crack 5/8% x 1/16%.
, 300 29 lost PP-SB
(, 30° 30 1350 Struck Rd. 28, CP-PTP, BS 3/L" x §/&".
30¢ 11 13318.0  ppP-MB-CIP. Cracks 5/8" x 3/32", 5/8" x 1/16". L
dirmy ballistic limit at 30° - 1352 f/s
DNavv ballistic limit at 30° - 1352 1/
; He 21 PRI Cff the plate.
. by 21 146k PP-SB °
, L5e 22 155 PpP-3B T
L5e 2 1603 PP-SB
u5e 2 lost PP-SB
yse 25 16518,8  pPpP-SB-CIP _
; Lye 26 1737 CP-PTP BS 7/8" x 7/&".
(@ U5 27 16388.n  Cp-PTP BS 7/8" x 1/2". ' .
* Birmy ballistic limit at ¥5° - 1475 f/s Lo
i-' Bgavy ballistic limit at 45° - 1675 f/s R
[ ' 60¢ 6 2650 CP-PTP BS 1.3/U* x 11/16". i
- 6ce 7 2u4ks CP-PTP BS 2-1/2% x 7/8*, 1
60° g 236388 Pp-3S3 , .
F 60° 9 olp38.m  Cp-PTP BS 1.3/U* x 1/2%,

Birmy halliatis limit at AO° - 2393 f/s
NNavy vallistic limit at 60° - 2393 /s

® Cal. .50 AP M2 Firings:
t S0k 10 lost PP ~ 2" crack {(no widthr)
. fce 11 1822 OP-FTP %S 2" x 1-3/8". j
X 60° 12 171188  CP-PTP BS 2-1/2% x 1-3/8". ‘
2 60° 13 1430 FP-SB

6ce 14 1631 PP-SB
t. 60° 15 16gc8,"  PP.-§3

BArmy dallistic limit at 60° - 16CE f/s
DNavy %allistic limit at 60° - 169€ f/s

R T LU T )



BALLISTIC DATA SHEE? ¥0, 4

— P
At talan,

Dow Chemical Company Downestal Plate F51C569
( JJULY x 30% x 30 .
Plate
Plate Rd, Strikdng
g Obliquity No, VYelocity Results
i Cal, .30 AP M2 Firings: o
' 0° 20 13318,%  CP-PTP B8 3/8" x 1/W* Cracks 1/2" x 1/us,
. /2" x 1/
0° 21 1190 PP-CIP Crack 13/16" x 1/32%
‘ ° 22 1240 PP-CIP Cracks 7/8" x 1/8%, 1/2% x 1/8"
{‘ 0° 23 1282%+%  PP-CIP Cracks 7/8" x 1/8%, 3/8% x 1/16* .
} 8army ballistic limit at 0° - 1307 £/s
; Dfavy ballistic limit at 0° - 1307 £/s
30° 11 1196 PP-8B
® 309 12 1323 PP-MB Crack 1/2* o
’ 309 1 1430 CP-PTP BS 7/8% x 11/16" ,
30° 1 1402 CP-PTP BS 3/4* x 7/16% :
30° 15 1177 PP-SB
309 16 1252 PP-SB
y 709 17 140088  CP-PTP BS 9/16% x 3/8" :
(a 309 18 1308 PP-8B e
e 19 1341%n  PP-MB Oracks 3/4% x 1/8", 5/8% x 1/8¢ S
i_ Sirmy ballistic limit at 30° ~ 1371 /s :f~?1?f
. Bavy ballistic limit at 30° - 1371 £/s BRI
- Y -
ot Cal, ,50 AP M2 Firings: .
b5° 9 1320842 PP-SB Grack 1-3/»*
k59 10 13488,8  COP-PTP BS 1-1/L# x 15/16%
BArmy ballistic limit at &5° - 1334 f/s
° ‘ BRavy ballistic limit at 45® « 173 £/a .
60° A 1600 FP-8B )
e 2 1870% FP-MB3 Crack 3*
608 a 19208,0  CP Crack 3-1/2% x 1/4»
60° 15562 CP-FTP BS L-1/2F x 1-1/2%

Birmy balldstic limit a% 60° - 1895 /s °
OXavy ballistic limit at 60% - 1938 f/e .

20 mm, M75 AP Piringat

75° 5 1430 PP-LB Crack 5"
759 6 1560 PP-LB Crack 6-1/2% .
75° 7 17258, PP-LB Crack J-1/2%

8 17708,0n  QP-PTP BS &* x 1-5/&%

75¢

aArmy ballietic limit at 75° - 1748 £/s
NNavy ballistic limit at 759 ~ L748 f/s

poro -




BALLISTIC DATA SHEEP XO, 5

; Dow Chemical Company Dowmetal Plate ¥S57u-2
h .7661 x 30" x 30"
: Plate
o, Plate Bd,  Striking
> Obliquity No, Yeloclity Jegults
i Cal. .30 AP M2 Firinge:
G %t g ow e
. 2 b
0° 27 1110 PP-MB
- 09 28 Lot PP-LB
rs 0°? 29 13008, PP-LB CIP Star crack
BArmy ballistic 1226t at 0° - 1325 £/
Nfavy ballistic limit at 0% - 1305 £/
30° 18 147 Backed by support - Disregard
° ¢ 19 1 Struck R4, 17 ~ Dizregarad
309 20 147382 PP Crack 3/4* x 1/8®
709 21 Lost CP-PTP BS 3/L4% x 1/2%
L 30 22 1674 CP-PTP ES 3/u* x 11/16%
- 30° 2 1545 Struck Rd. 21 - Diwr
ﬁl 309 2 151782 QP-PTP BS 5/8% x 1/4v
- SArmy ballistic limit at 30° - 1435 f/s
BYavy ballistic limit at 30° - 1495 f/s
u5° 10 1960 CP-PIP BS 3/4¥ x 5/8* Cracks 3/8%, 1/4*
55w Bm e
¢ 2 1617 -
u5° 1 1237O.n CP-PTP BS 3/4* x 1/2% Crack 1/2"
u5° 1 167082 PP Crack 1-1/4* x 1/16"

8Army ballistic limit at 45° - 1704 £/e
BHavy ballistic limit at 45° -~ 170k £/

60° 5 261282  TP-NB * .
60° 6 2872 CP-PTP BS 1-3/16" x 7/8" :

] 7 Lost PP-~SB s
60¢ 8 2852 CP-PTP 35 1-1/2" x 5/8¢* »
60° 9 26528+8  CP~PTF BS 13/16% x 1/2% =

* 1

8Army ballistic limit at 60° - 2632 t/s ¢
DNavy balliatic limit at GO® -~ 2632 f/s

L)

Lo st
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BALLISTIC DATA SHEBT N0 & (CONT!R)

Plate
Plate R4, Striking
Obliguity No, Yeloolty Repulta

Cal. .BO AP M2 Pirings:

30°
30¢
309

15
16
17

10738 PP-MB
11308,n  CP-CIP protrudes 1/2* B§ 1-3/16" x 3/u4*
ue CP-PTP BS 1-1/16" x 1-1/4¢

fArmy ballletic limit at 30° - 1102 /s
CHavy ballistic limit at 309 - 1154 f/s

2667%:2  CP-PTP BS 3-1/4% x 2-1/8®
2542 Backed by support - Dieregard
2655 PP-MB Crack 3-1/2* x 1/&*
261882  PP-MB Crack 3-1/4% x 1/8"

8irmy ballietic limit at 75° - 26u3 £/s
DHavy ballistic limit at 75° - 2643 £/
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BALLISTIC DATA SHEET NO, 6

Dow Ohsmical Company

Dowastal Plate FS16569-1

.998% x 18 x 36¥

i

Plate
Plate B4, Strikiang

Obliquity No. Velocity Resultse

Cal, .30 AP M2 Firings:
0° 18 1450 PP-MB CIP Star orack E/u', 1/2"

0? 19 1322 CP~PTP BS 11/16" x 3/L¢
o¢ 20 1 PP-CIP SB Hair orack 3/ks
0° 21 1560%+2®  CP-PTP Exit 1/4% x 1/B% Star crack 7/8* x 13/16%
0° 22 15218+8  PP-CIP LB Cracks 3/4% x 1/8*, 1/2% x 1/8%
$ 23 577 CP-PTP B5 1-1/16" x 1¢
Sirmy ballistic limit at O° - 1541 £/«
RNavy ballistic limit at OF -« 15M)1 £/s
30° 2l 16802 OP-PTP BS 5/8% x 3/4v
° 2 16328,2  CP-CIP BS 5/8% x 3/g%, Hose protruding 1/8%
309 26 1585% PP-LB
BArmy ballistic limit at 30° - 1609 7/s
Davy ballistic limit at 30% - 1656 £/«
60° 1 3100est  PP-SB CIF FS 1~3/4% x 1-1/8"

Qal, :50 AP M2 Firings: - ;.i:_'-/:'::
66° 2 1890 FP-5B S
60¢ g 2180 PP-SB e »
609 2250 PP-¥B Hair line crack 2~1/2" o
60? 5 23125 PP-SB EHair Line orack 3=1/i* 7
609 6 2325 FP-Orack 1%

609 7 2367 PP-Crack L* x 1/8%
60¢ 8 2387 QP-PTP B8 3.3/Un x 2-14/16¢
| ®army ballistic limit at 60° = 2377 ¢/ °
Davy balldstic limit at 609 - 2377 /s ;
30 27 1165 PP-3B o
309 28 12598,1 or-cxr/ Core intact, Back cracks 1-1/4® x 1/8%, o
. 1% x }/8n -
30° 29 12878 CP-PIP BS 1-5/8% x 1-1/k" ®
Surmy Uailistic limit at 30° - 1212 f/a ]
BNavy balldstic limit at 302 - 1273 /e R
f‘i.;
o
- - - - - - L v [ [ ] L J v .- ®
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BALLISTIC DATA SHEET NO, 6 (CONT!'D)

[ Plate ) e
s Plate R4, Striking :
Cbliquity Yo, Velocity Results
. 20 um, AP M5 Firings:
h 60° 13 1521 OP-LB e
60° 1 1611 Hit Bd, 2 PP 5-1/4" arack ~ Disregard
® 15 17072 CP-FPTP
609 16 1720 E44 Rd, 15 CP-PTP 3BS 3-3/4% x 2-3/8" (Rd.16)
’ Crack from Rd, 10 - extanfsd and connected te
_ R4, 16, Minor crack 1-7/8%
(. 60° 17 17502 CP-PTP BS 3-5/8" x 2" Minor orack 1-3/8" b e
Dfavy balliatic limit at 60° - 1729 £/e
75° Q 1987 PP-1B Crack 5-3/16%
_ 15° 1C 2220 O0ff the plate
® 75° 10 2225 PP-LB Crack 7-9/16" x 1/16" ) °
{ 159 11 24108,®  CP-PTP Broke off upper right hand gorner of
. pPlate (Rd, 11) k-5/16% x 2-3/8* BS 3-15/16*
L x 2-1/2%, conneots by 2-1/4* crack with R4, 9
[ Minor cracke 2", 5/8"
- 75°¢ 12 236882  FP-LB Crack 5~7/8" x 1/32"
. ! [ J
{‘ SArmy vallistic limit at 75° - 2389 f/s 5
X BFavy ballisiic limit at 759 - 2389 f/s R
.' 4
4
. 4
o |
®




BALLISTIC DATA SHEET HO. 7

Dow Chemical Company

Plate
Obliquity

Dowvmetal Plate FS617-1

1.118% x 18" x 307

Plate
R4, Striking
Ko, Velociiy

Remults —

Cal. ,30 AP M2 Piringe:

21

22
2

16

17
18

19

U FE\N -

1512
15806,0
1536
163088

FP-LB Small star oraek
FP-1B Small star ocrack
FP-1B B8mall star crack
CP-PTP BS 5/8% x 1/2%

8Army ballietic limit at 0° - 1605 £/a
BNavy ballistic limit at 0% - 1605 £/s

lsosa.n
1637
1660
1689
17478,8

CP-PTP BS 1/2" x 1/2"

Struck Bd, 14 - Digregard

PP-SB CIP

S8truck Ha., 2 - Diarsgard

PP- Cracks 1% x 1/8%, 3/8" x 1/8%, 1/4"x1/6%

8Army ballistic limit at 30° = 1776 /s
Biavy ballistic limit at 30° - 1776 2/e

2155
21768,2

2121%,8

CP-PTF BS 3/4¥ x 5/8% {Orack 1/2"
CP-PEP 1/L% x 1/U¥ Creck 3/47 x 3/i6"
Circular crack 3/L®

PP-¥B
®rrmy baliistic limit st 45° ~ 2149 £/
DEavy ballistic limit at L5% < 2145 7/
PP-S)
PP-SB

83
2792
3059
29428,
288u".18

CP-PTP BS 7/8" x 1/2%
CP-PTP BS 3/u4% x 1/2®
PP-MB CIP

Biray ballistic limit at 60° - 2913 /s
Havy ballistic limit st -60° - 2913 f/s

Cg&, LB AP H2 Pirings:

00
0
0?
0?
0°
0?

BB RAL AN

1323
1165
1060
10958
11408
1193

3

GP-PTP BS 1-1/L%* x 1-5/16"

CP-CIP Nose protrudes 1/4* BS 1-1/8% x 3/h®
Bit cdge of plate - Disregard

FP-MB

QP-CIP Star creak 1-3/8% x 7/8% x 3/16%
CP-CiP Nose protrudes 3/8*




BALLISTIC DATA SHRET NO. 7 (CONT!D)

- Plate Ve
3 Plate Bd, Striking
Obliquity No, Veloolity Rogults

Cal, ,R0 AP M2 Firings:

. 0° 31 1229 Y00 olose to Rd. 30 - Diaregard
A a° 32 12098 CP-CIP Core protrudes 3/4* BS 1-1/L4* x 3/u* ' ®

0° 33 12588 CP-PEP BS 1-1/4% x 3/4¥

a\rmy ballistic limit at OY - 1118 f/s
Blavy vallistic limiv at 0° - 1230 ¢/e

& 30° 12 1278 PP-MB CIP Crack 1-1/8% x 1/8% ' *

309 1 13448,2  PP-MB Craock 3/&"

30° 1 1420 CP-FTP BS 1-3/16% x 9/16"

30° 15 13978,8  CP-PTP ES 1-3/16" a 1-1/U4" Crack 1®
: SArmy ballistic limit at 30° = 157 £/ ' o
. INavy ballistic limit et 30° - 1371 f/s

45° 6 1729%.8  PY.sB

us© 7 175828 CP-PTP BB 1-3/4% 2 1-3/k¥
. 459 g 170k CP-PTP B3 1-7/16" x 1~1/47 7
(¢ - Burmy dallietic limit at 45° - 174l £/s e
| nMavy ballistic limit at 45° - 1744 /s SRR
%P ] o
i
.
¢ ! .




BALLIS?IC DATA SHEET NO, B

_ Dev Chemical Company Dowmsetal Plate F8617-1

?i 1.118* x 18* x 30* ' ®
- Plate . S
l; Plate Rd,  Striking LT
- %EB.EA.‘I Xo. Velocity Results Sl
. 0 AP M2 Yiringe: T
‘&"@l—"—%r—g{zgg CP-PIP BS 3/4% x 1/2" )
' u5? 20 7 OP-PTP BS 3/4* x 3/8" Crack 7/8" '
- L5e a 2299 CP~PTP BS 5/8" x 3/L* Orack 3/L¥ :
- 45?2 22 Lost Hi% Rd. 21 - Digregard
o 459 2 22k CP-PIP BS 3/4" x 5/8"
: u5¢ 2 21ke PP-HB
. 45° 25 2225 CP-FPTP Crack 1-1/4® ) °
o W59 28 213582  (P-PTP B5 1-1/16" x 7/¢¢
459 29 2156 CP-PTP B8 3/4* x 13/16*
152 30 2080R,2  PP-OIP OCrack 1%
SArmy tallistic idmit st 45° = 2108 £/s S
BNavy bellistic limit at 459 - 2108 £/s ) ®
Opl, 50 AP W2 Firingm: A
30° 26 13632  CP-CIP protrudes 1/2" Oracks 1" x 3/8", IR
. 1‘_1/2¢ x 3/gn . o .‘
30° 27 42183 OP-PYP BE 1-3/8% x 1-3/8% . >
SArwy ballistic limit at 30° - el
O¥avy ballistic limit at 307 - 1392 /s S
60° 1 2338 CP-PTP BS 2-3/4% r 1-1/i6" PN
9 1 2158 Hi$ top of plate - Disregard . L
? 15 2249 Hit R4, 10 - Disregard ;
e 16 2199%%  QP-PTP BS 1-3/€% x 1-1/3* Cracks 1-T/8" x 1/W*
, 1-3/8% x 1./8" \
20° 17 2110 Bacxed by support - Disregard
609 18 2022 PP-8B :
609 31 2022 PP-8B °
60° 32 2179 Struck Rd, 10-15 - Disregard .
60® 33 2155%>%  FP-MB
B eny ballistic limit at 60° - 2177 t/e
Yigvy ballistic limit at 60° - 2177 f/w RN
. . ®
20 mm, NT5 AP Firingsi s U
60° 10 1780 QP-PTP BS 3-1/2* x 2-1/16% SR
60¢ 11 L€8T*» B PP-MB RNSRCRR
60° 12 174588  CP-PTP BS 4-9/16" x 2-1/8* S

SArmy ballistic lim!it at 60° - 1716 /s

DNavy Lallistic limit a% 60F - 1716 f/e




BALLISTIC DATA SHEST NO, 8 CONY'D)
(i Plate @
N Flate 2a, Strikicg o
. Obliquisy _FNo, Velocity Results
) 20 mu, W5 AP Firings:
a 75° 1 Lost Bit top of plats °
755 2 Lost pp-M3 :
155 2395 PP-LB
y 158 3 2&76 Hit clamp
75° 5 2k90 Cr
15° 6 2540 PP-LB
] . 752 7 2590 Struck BRd, 2 b
159 g 2600 PP-LB
e i 2690 Hit Bds, 2, 7
Due to destruction »f plate by the projectils at this odliquity, firing
vay ddscontinued. No limite were obtained,
o °
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Dow Chemical Company

BALLISTIC DATA SHIET NO. 9

Dowmetal Plata F86172
1,118% x l-1/8" x 18" x 30"

Plate
Plate Rd, Striking
Obliguity No, Velocity Beaults

Cal, ,30 AP M2 Firingay

00

1l

15
16

17
18

10
11

157480 CP-CIP Nosa protruding 3/8" Star crack
3/8 x 7/8" x 1/u*

15708 PP-.SB-CIP Star crack 3/4"zll/16"xl/8"

1560 CP~MB-CIP Core protruding 1/8" Star Cracks
3/4 x 5/8" x 3/16"

1750 CP.I'TP.BS 7/8&"x7/8"

16222 CP-PTP Jucket in plate, BS 1/2"x3/8",

Crack 1/2"x1/8*

8Army ballistic limit at 0° - 1572 f/s
NNavy ballistic 1imit at 0O — 1598 f/s

1824851 PP~ Crack in back 1"xi/16"
1990 CP-PTP Crack 3/W"x1/2" BS 3/4rgl/2"
1819%+2  CP_PTP.BS 1/2"x1/2"

aArur bellistic limit at 300 - 1332 £/s
ENavy ballistic limit at 30° - 1832 f/s

Cal, ,50 AP M2 Pirings:

00
OO

00
00

30

30°
30°

12
13

2
2

1¢
20

2l
22

1240% CP-PTP-BS 1-5/16%x7/8", Crack 1-1/8"x1/u*

11958 CP.CIP.LS 1-1/16"x7/8", cracks 1/2%z1/u",
Nogse protrules 7/3"

11078 PP-LB.CIP.® Orack - Star 1-3/8"x5/8"x1/8%

11428 CP~CIP Noas yrotrudes 1/8", Star crack
1-3/8%x1"x1/s"

ajray ballistic limit at 0% . 1125 f/e
BRuvy ballistic limit at O° . 1218 f/s

13828 CP.PTP.BS 1-3/8%x7/8"

13448 CP-CIP Core intact, B cracks 1.1/L"x1/8",
1-3/8"x1 /8"

13062 CP-PTP-BS 1~1/U*x7/8" creck 5/&"x1/8"

12498 PP-CIP~-B Crack 1-3/8"

8pymy ballistic 1imit at 30° - 1278 f/s
ONavy ballistic limit at 30° = 1363 £/s

e e St e i b b N
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BALLISTIC DATA SHeET No. 9 (CORT'D)
Plate I 5?.
Plate Rd., Strikirg L
Ob'iguity No,  Velocity Results R
450 5 17298:8  CP-BS 11/16"x5/8" L
4s° 6 1681 PP~MB ;
450 7 17198 PP-LB Core intact
450 8 17978 CP-PTP 1-5/8"x1-7/16"

Sarmy ballistlc limit at 450 - 1724 £/«
BNavy ballistic limit at 45° - 1763 £/e

' °
20 MM AP N7% Firings: 3
450 1 10738 PP.MB ]
L50 2 LOosT Struck edge of plate -~ Disregard _ _ )
ug° 3 11- 5 PTP-BS 2.1/u*yx2-1/8" ‘

u5° L 1078 P?P-BS 2-1/2"x2* ' ®
8o my ballistic limit at 45° - 1100 f/s e
Dyavy balliesic limit at 45° ~ 1100 f/s S
RS

! ®
.
ERENEN
RN
..'}-J
RS

]
1
1
N
o .
>

.
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Dow Chamical Company

BALLISTIC DATA SHZET L0. 10

Dowmetal Plate FS1C-617

1,305" x 17" x 30"

Pleta
Plnte Rd. Striking
Obliquity No, Veloncity Herults
Cal, ,30 AF M2 Firinge:
0° 13 1861 CP-PTP Jacket in plate BS 11/16"x1/2"
Crack 11/1f"x1/2"
00 1k 1611 PP-SB-CIP
0° 15 178h8+0  CP.CIP Nose nrotrading 3/1(" Star Crack
13/1A¥x13/1n"x1/&"
00 16 18017 CP-PTP Jacket in niate 3S 3/L"x5/8"
0° 17 16L5 PP-SB
0o 18 LOST PP-L3-CIP Back crack (star)
0° 19 LOST PP-I1B-CIF 3C (Horizontal 3/&*)
0° 20 1665 PP-LB-CIP 3C (Horizontal 1-1/2*)
o° 21 1710 Struck Round #2C Disresard
00 2 17308 PP.LB BC {star)
8Army ballistic limit at CO - 1758 f/e
DNgvy ballistic limit at 0% - 1794 f/s
100 23 20288+8  CP.PTP BS
30° 24 1800 PP-SB
30° 25 195087  PP-LB BC 7/8"

apray ballistic limit at 30° - 1989 f/s
ONavy ballistic limit at 3C° - 1989 f/s

Cal, .50 AP M2 Firings:

11
12

33
3L

13700
12730

12ko8
12218

CP~PTP-BS 1"x3/4", cracks 5/8", 1/2", 1/2"
CP-CIP X-ga nrotruding 1/L" BS 1-3/8%x11/1%"
Cracks 3/u*, 3/8"

CP.LB-3C (star 1-1/u"xi"x1/1€E")

PP-MB Halr crack 1/2"

aArmy ballistic 1imit at CO - 1231 f/s
NNavy ballistic limit at 00 - 1307 f/s




BALLISTIC DATA SHEET NO., 10 (CONT'DR)

Plate T
2 Plnte Rd,  Striking AN
. Obliquity Vo, Velocity i , ~ Resulte ) , s
;".: Cal. .50 AP M2 Firines: :-"‘_:- '_‘:“:_,1*
in 150 3 1739 PP~SB T e
150 3 LOsT Struck Rd, #5, 8B
Lgo 7 1834 FP.MB
Lg0 8 2002 Struck Rd. #7. CP-PTF-BS 1-558":1/2“. Disregard
Lo 9 19730 CP-PTP BS 1"x2" crack 1-1/16
Lo 10 192L&»N  Cp.CIP BS 1-1/U"x1=1/1f" crack 1%/16"
®
r‘ MNavy ballistic limit at 159 - 1849 f/g
L 40 26 1865 Too close to Rd, #1, Dlsregard
i 150 27 12958 PP-S3
i. Barmy tallistic limit at u5% - 1910 f/s ®
. : 1
20 MM AP M75 Firings: BN
- 60° 1 2250 CP-PTF BS 4"x1-3/1€". Minor crack 1" R
= 60° 2 2104 CP-PTP BS 3"x2.1/8".  Minor crack 2-1/4" R
ki 609 3 19628.2  pp BC 7"x3/16" o |
. 60° 4 20262y CP.PTP BS 5-3/8"x2-3/8" 1
b, - L R
' 8Army ballistic limit at 60° - 199k f/s SR
ONavy tallistic limit at A0° - 190k ¢/g DR
AR
L 4
-
e
*
.




BALLISTIC DATA SREET X0. 11

. Dow Chemical Ccmpany Dowmetal Plate FS1Cw617
. 1,313 x 18% x 30"
{ . » .
- Plate
N Plate Rd. Striking
Obliquity No, Velocity Results
Cal, .20 AP M2 Firinge: .
iﬁ 0° 26 LOST PP No B e
] no 27 17908:%"  PP_SB Face cracks running to RA.#12
0° 28 18LL Hit edge of vlate.
0° 29 1870 Backed by suprort.
00 30 1820 CP-PTP Jacket in nlate petaling BS 2/8"xl/L* :
00 31 L0ST CP-PTP Jackaet in plate petaling BS 1/2"x1/u" n e
0° 12 17948:0  CP.PTP Jackat in nlnte petaling BS 3/4"x1/2"
8Army ballietic limit at 0° - 1793 f/s '
NNavy ballistic limit at O° - 1793 f/e )
150 23 1908 PP-SB-CIP talr crack 1/2" i ® j
20° 2l 20870 CP-PTP-ES 11/1F"x5/8" . Crack 3/8"x5/8" y
100 25 20807 CP-CIP Crack 3/L"x1/8" o
30° 3% 1985 CP«PTP Thru back exit of Rd. $#12, Disregard o
300 3L 1958 CP BC 7/8%x1/8" i
S
Sarmy ballistic limit at 30° - 1953 f/a ' *
"™iavy ballistic limit at 30° - 208L f/s e ]
v Cal. .30 AP M2 Firines: R
BN 1L 2320 PP-MB.CIP Core intact DU ";
LR 15 2R2ot CP Crack 3/L"x1/2"; CIP Core intact °®
L§O 16 2547 PP-3B-CIP ‘intact 1
u5C 1 2kheon CP-PTP-BS 3/UYx3/ut 1
Leo 15 251%8 PP SB ‘ SR p
L50 19 25g&n CP MNose protruding 1/2"; BS 3/U"x3/u* Core intact B
S -1
Birmy ballistic limit at LSO - 2519 f/s . i
NNgvy bellistic limit at 552 o 2614 /s 1
Cal, .50 AF M2 Firings: )
o° 15 13:h8:/ 0 GPLPTP  BS 1-1/1G"x15/iC" »
ok 36 1278 Hit R34, $20 - :
co 37 1292 Hit Bd. #36 .
00 18 12788/0  PP.¥B-CIP Core intact B3¢ 1-5/8"x1/16" O
BAray balliletic limit at 0° 1311 f/s S
ONavy vallistic limit a¢ 0° 1311 /s o
°
/
» v (] - - - - - - - - - - - - - [ ]
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BALLISTIC DATA SHEET NO, 11 (CCONT'D)

Plate
Plate Rd. Striking
Cbliquity No, Veloncity Results
Cal, ,H0 AP M2 Firinpgs:
300 20 1L16%%  Cp-PTP 1-1/u"x1-3/B"
30° 21 13Lk PP~CIP Crack l-1/L"
300 22 137380 PP.SB-CIP

Bairmy ballisiic limit at 30° - 1305
MNavy ballistic limit at 30° - 139%

60° 10 2318 PP-SB
600 11 2574 PP.SB
f0O 12 233180 Cp_PTP.BS BS 1-1/8"x1" crack 2-1/2"x2/u4*, 9/16"
£0° 13 26738 PP.MB

RArmy ballistie 1imit at 609 . 2702
NNavy ballistie 14mit at $0° - 2702

MM AP M75 Firings:
L5° 3 1107 PP~ S3
Lgo L 1313 Struck edge of plate,
ugo 5 1306 Struck clamp - CP-PTP
150 6 12248:N  pp_MB
L5° 7 1236 Struck pravions Rd.
ug0 g LOST PP.HB Partly backed by support
50 9 127688 CP.PTP
8army ballistic limit at U450 - 1250 f/s
ODNavy ballistic limit at LSO - 1250 f/s
75° 1 2650 Hit edge of nlate,
75° 2 2690 PP-MB- Crack 5"x1/16"

Plate tested at this cbii¢uity discontinued as the uaximum load
resulted in PP,
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Dow Chemical Company

BALLISTIC DATA SHEET NG, 12

Dowmetal Flate FS659-1

1,Lg95" % 15" x 30"

Plate
Plate Ha. Striking
Oblionity Yo, Velocityv Regulte
cal, .30 AP M2 Firings:
0° 21 15A0 PP.SR
0° 22 1766 PP-SB Cracking in back 5/8"
co 23 1960 Ait Rd. #15. CP-PTP.BS 3/L"x5/8". Dieperard
0° 2L 1930 CP-PTP BS 11/1A"x7/8" cracke 3/8%, 1/u"
0° 25 182L PP-MB Crackn 3/L"z1/16", 1/2'x1/16"
0o 26 19218:0  CP_PTP Exit 1/L"x1/u": 7tar crack 7/8”:5/8”
0° 27 186818 PP-CIP.MB Cracks 3/L"x1/16", 1/c
Sairuwy balliatle limit at C° - 1895 f/s
"Navy ballistic liw.¢ at 07 - 1835 f/s
cal. -850 AP M2 Firings:
0o 28 1278 Struck too close te Hd, #15, PP, Diaregard,
o 29 1368 Struck too close to HA, $28, CP-FTP-ZS 1.1/8"x1"
0° 30 1392 Struck 2C MM R4, CP.PTP., Tisregard.
0° 31 13738 CP-CIP VYose Tvotruding 1/8" BC l-1/6%x1l/8",
1/4"x1/16"
0° 17 LOST PP-CIP Cracks 1-3/8", 15/16"
00 18 13068 PP-MB Core ¢ Jacket in plete cracke l.1/h", 3/u4%
o° 19 LD CP Noue vnrotruding 1/L" Star cracks 1-1/8&"x3/L"
0° 20 14l Cr~PTP BS 1-1/W"x13/16"
B)ruy ballistic limit at 0°-1340 f/s
TNnvy bal istic limit at 00-1L%2 f/a
Z0° 12 2931 PP
60° 13 2909 CP-PTP  3.11/186"x7/2"
60° R 2639847 CP.PPY  3.5/16% x5,/
ol 15 2730 PP
no° 16 2780 " pp
8Army ballistle limit at €0° - 2810 f/s
MWavy ballistic limit at FCO . 2810 f/s
|
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20 MM AP M75 Firinsa:
Plate

BALLISTIC DATA SHERT N0, 12 (CONT'D)

Plate Rd, Striking
Obliquity Ko, Veloclity Results
60° 3 2311 CP-PTP L.5/8"x2.3/8% - Exit L-5/8"x2.3/8"
60° 4 LOST Hit too near RA. #3. Crack 7-1/4"x1/L¥;
Exit 4-5/8*x2-13/8"
£0° 5 191080 PP.SB
£0° 6 LosT PP.SB
600 7 2115 CP-PTP L.1l/ufx2.1/2" - BS
f0° g LosT CP-PTP L.l/h"x2" . RS
60° 9 2015 OP.PTP Broke into exit of Bd. #8 (Rd, #9)
Exit resulting from Rds, #8, #§ - h-1/8"x2-5/8"
A0° 10 19”7 “dege of plate ,
oo 11 19f2a:n  CP.PTP Naar upper edge Rd, #11.Bxit of Rd, #11
was thru upper adge of plate, Crack in Dack
2.2/3"x1 /LM
8Army bailletic Jiwis ~* A0° - 193€ f/3
“Mavy tallistic 1inie at 40° - 1930 f/s ‘
20 MM AF M75 Firinps:

75°
750
75° 2

1

2299 Struck clamp ,
2454 PP Exit b-1/2"x2-1/%"
2688 CP FPTP Supported in back; Exit 6..1/2"x2-1/8"

Firings suspended due to lack of epace on plate.




BAITLISTIC DATA SHTET M0, 1%

;( Naw Mremicpl Compeny Duwmatal Plate F5(59-2 °
§ 1,499" x18" 2 107
o Plate
. Plate Rd. Striking -
b Obliouity  No,  Velecity , Resulta , R
i Cal. .30 AP M2 Firinpgs: ®
b o° 26 LOST FPP-SB
1 0° 27 2028 CP-PTP Exit thru BS of Rd. #4, Disrerurd.
i . 0° 28 2087 CP-PTP B85 1"x15/16"
o0 29 1960 PTP BS 1-1/16"x1"
Hﬁ 09 30 17508 PP  Star crack in back °
_* o 11 1810 PP Struck Rd. #3, Dlesrerard.
0° 32 1770 PP Very small star cracx in vack
0° 17 1730 Strack Rd. #3. Disresard.
o 1L 1854 PP Partly dackea %v surpoart. Disresard.
i c® 15 18508+ CP_FTr 1/L"x1/L" Petaline.
F. o L
. BArny ballistic limit at 0° - 1420 £/s
BNavy ballistic 1im!t at 0° . 1320 f/s
r- 30° 18 1950 PP-MB
Y 30 19 20eBR PP.SB S 7
' 309 20 1990 PP ™
10 21 z0G28: TP Moge protruding 1/1A" crack 3/L%x1/8" .
Crack §/8" R
100 20 2oLk CP.PTP BS 11/1A"x7/1A" R
. 10° 23 2240 CP-PTP BS 3/1A"x1/L" Crast 5/8%xy/8", S
: 3c° 2y 2195 CP-PTP BS 1/2"x1/2". Cracit 3/8"x1/8". . 4
gy 3c° 25 2154N CP-PTP BS 1/2"x3/3". Crniv :/2"x1/1A" o
! 8Army bal'istic limit at 309 - 2040 /s .
PRavy balitetic limit st 20° - 2120 <= -
<
Cal. ,30 AP ¥2 Firirps: k
. , ®
452 10 2ui28:n PPMB  Crack 1" 1
L5 11 2862 PP Sacked br support, 3
tg5? 12 25u2 CP-PTP BS 1/0"x%/g" ;
N 13 oLa28M P PTP 3§ T/hMx1/Lv .
S8army brllistic iimit at 452 - 2L77 f/g ' . ‘
DNavy ballistic 1imit at 45° - 2577 /g
[ ]




e
' BALLISTIC DATA SHEET ¥O, 13 (CONT'D)
: “late _ o
b Plate Rd, Striking °
' Obliquity No,  Velocity Results : -
i"_ Cal, .50 AP M2 Firinps:
b 0° 36 RILT CP-PTP Hit R4, #15.
b 0° 17 14380 CP-PTP BS 1/2"x3/8". Crack 1-3/8"xl/u",
ol 38 139280 CP.¥PTP-CIP Core Intact; Protruding 7/8",
0° 39 13548 PP Face punching 1l-1/2"x15/16". ®
[
- 8irmy ballistic limit at 00 - 1373 /s
ONavy ballistic limit at 0° - 1015 £/
‘ 30° 1Y 1335 PP-SB
300 15 1617 CP-FTP BS 1-3/16"x1-1/8". °
10° 16 148080 PP.MB Crack 1". CIP.
30° 17 1538 %  CP.PTP  BS 1-1/u"xd-3/16",
y
1 aArmy ballistic limit at 30° . 1511 f/s
| @ nNavy ballisiic lizit at 30° - 1811 f/s °
ys° S 15:9 Struck Rd. #1 - PP,
L5° 6 1606 ~ FPP-MB
& L5 7 1748 PP-SB
ug? 8 19348:n  CP.PTP BS 3/L"x3/L" R4, #8. Crack along IR
: bulgs 1-3/L¥x1/U"  Circular crack 1-3/L* °
Ls5° 9 1871%¢"  PP.SB )
3 8prmy ballistie limit at 45° = 190% f/a
o ONavy btallietic limit at L5° - 1903 ?/s
20 MM AP M7% Firings: e
Lo 1 1L2AR CP-PTP B3 2-3/1A"x2.1/&" S
u5° 2 12838 PP.MB Crack 2",
L5° 3 1420 Too close to Rd, #2 CP-PTP-uS Rd., #1, -
: Combined exits of Rds. #i & #3% - Lo1/hny2 1/L" -
° Lg? L 136980 CP.FPTP Base of CIP - 35S 2.5/8"x2.1/uy¥ ' ."
8Army ballistic limit at U45° <« 1397 f/s Y ,'
OXavy ballistie limit at =5°% - 1325 f/a i
e ’ -3
|
° R
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THE DOW CHEMICAL COMPANY
MIDLAND, MICRIGAN

October 22, 1943

Commanding Officer

U. S. War Department
Watertown Arsenal
Watertown, Massachuseatts

Attention: Lt, Col, G, L, Cox
Ladoratory (NAM)

Dear Sir:

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

As you will recall, we previously obtained some improvemsent
in the type of fracture on J-1h with the one pzrticular batch whioch
had been processed differently from our regular commercial procedure,
At present, in order to produce sheet and plate which is commercially
flat (we endeavor to hold to 0,0001" deviation per ft.), the material
is cold rolled harder than necessary to meet specifications, and then
flattened under welghts in a furnace at somewhat elevated temperatures.
This produces exceptionally flat sheet by virtue of the creep which
takes piace, 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 sunersatursted solid solution, The J-1lh alloy sheet which
nrevioualy showed the improvement above mentioned, was not flattened
in this manner, but instead flattened cold on a press of large capacity.
Ites mechanttal properties were not substantially suverior to the other
gheeta, which had been furnzce flattened, so we attributed the
A f°arence in behavior to the lack of precipitate.

Because of thin exveriencs, we decided to try to send you
F5-1 allny in the cold nress-flattened condition wherever porsible,
Yom wtll recall that this sheat alloy 1s now being seriously
consldered for some apulications where J-lh had been used in the past,
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U. S. War Department .
Watertown Arsenal - October 22, 1943

The designation FS-1 refers to furnece flattened materisl
whereas FS.1C refers to cold press flattened material, In the case
of batch FS-1C-569 of 1,11" thickness, the deaignation is in error,
The material actuslly was furnace flettened and siiould have been
labelled FS-1, 1In some cases, the designation FS has been used. This is
equlvalent to FS.1l, The only difference between FS and F3.1 alloys
is the impurity content, which affects the corrosion behavior,
Actually, we make only FS-1, and sometimes carelessly refer to it as F5S
alloy. Wo such material is now b2ing produced.

As you will see from the tensile properties of the material
l13ted below, the furnace flattened material in the heavier gauges
is oulte softand would not, in fact, pass the specifications for
hard rolled material, This situation exists becaunse 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 Gaugze Flattening Direction U,S. I, S, _$E
6L5 /e Pressed L b1.9 37.0 12,8
P k.2 332 14,3
57k L635M Pressed L - W0 37.5 7.0
4 T LLO.S 32,3 807
57k 675" Annealed L 16,7 23,1 13,6
T 35,2 23,6 14,2
569 3/un Pressed L 38,4 29,6 7.2
T 38,8 31,k 10,3
574 3fun Annealed L 35.1 21.0 13.1
T 34,8 21.7 14,6
569 1" Pressed L %2.0 6.8 6.5
T 41,8 15,5 10,0
5h9 1-1/8" Annealed L 36.8 2e.8 13,8
by 3.3 2L, 9 12,2
f17 1-1/8" Annealed L 36,2 23,7 14,5
T 35.9 20,3 13,8
A1T 1,3 Annealed L 36,4 21.8 13,6
i\ 35.7 21,2 15,0
f89 L-1/2" Annenled L 31.1 25,6 1.2
T 36.2 19.3 14,2

J. C, KcDonald BeSt Ava”ab.,e Copy
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