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Thia work was undertaken at the recommendation of the Subcommittee ;
on Rolled Aircraft Armor of the Ferrous Metallurgical ‘Advisory Board. :
A summary of the meeting at which the recommendstion was made and other i
pertinent correspondence are shown ar appendices.

GONGLUSIONS

a 1. Of the comp051tions studied, those steels which satisfactorily ?.
withstood all the ballistic tests were the 3% Ni-Or-Mo and the 3% Ni-Mo
types. The steels' showing some promise, but whose results were not as
consistent, were the 2k Nl—Mo—V and the 1-1/4% Cr-Mo-V types,

2. There was no correlation between the composition of the plutes
investigated and their resistance to the standard penetratlon and’ soock
test. The ballistic limits of all plates were in excess of the require-
ments while thelr resistance to shock was somewhat erretiec, ‘

- 3. The nickel bearing steels (2-3% nickel) and the Or-Mo-V ‘compo-
i gition were more effective in resisting the impacts of ‘yawed - calibe;
oe .50 AP M2 projectiles than the other non-nickel bearing steels, ' "

Y. The water quenched face hardened plates éhowed mora evidence
of brittleness under the shock of yawed impaots then the oil guenched
rlates.

5. The armor plate carbyrized in the liguid salt bath showed more
of & tendency to face spall under the. standard venetration test than' the
plate pack: carburized at tho final gagp or in slab form, before rolling

o the final gage. C , N ‘ HEICTE
6. e following correlation betw«wn balnstic andm'caﬂurézi éé‘a BE N
. A.&“u
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core ass’ lated with a uniform tempered martensitic structure.

M T VAR TA T T |
.;ﬁ[mﬁfﬁ ﬁ%£NWﬁH iw ﬂk@%&%@&@ﬁgctory performance of the Cr-Mo-V commosition
el Bl e a ‘Yat{stalbtsry combination )f hardness and toughness of the
core anc the presence of only i smcll amount of ferrite in a tempered
martensitic structure of the core. 1

.‘:r . ‘.

. ° ~¢. The wsatisfactory performance of the non-nickel bearing
» ...‘.eels was generally associated with a low core hardness and segrega-
tions of ferrite in the core. ¥
B d. The tendency to face spall of the non-niclel bearing

‘steels when carburized in liquid selt bathe was associated with the
presence of a large amount of undissolved carbides in the carburized
cagse. An annealing cycle or case mizration treatment prior to the
ballistic heat treatment would probably eliminate thie carbide condi-

tion by diffusine the carbide into the plate.

e. No correlation was found between the small amounts of
retained sustenite in the carburized cnses of the plates and their

ballistic behavior. -
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INTRODUCTION

~.In connection with a program to determine the effect of yawed
impacts of Caliber .50 armor piercing bullets on armor plate of se-
lected low alloy compositions as outlined at the meeting of the
Research Subgroup for Light Aircraft Armor, held in Philadelphia, Pa.,
December 3, 1941, a series of 3/8" face hardened armor plates of low

-alloy content were fabricated and subsaquently tested and examined at

Wetertown Arsenal. In order to compare the effect of variouse cen+
buring methods and heat treatments on the ballistic performance.of this
experimental armor, the services of three armor plate menufacturers
were enlisted to assist in the fabrication

”, Ballietic reeulte have been reported nreviouely, to induatrial :

) members of the Subcommittee on Rolled Armor, ~This report has been.

written in order to have a record bf’ "the conplete ballistic and -
metallurgical study of the seven compositions referred to below.

Seven experimental ingote of various low alloy comp091tions were
cest at Watertown Arsenal and forwarded to Henry Disston & Sons, Inc,,
where the greater part of eagh was- rclled into 3/8" plate for subse-
quent . heat treatment by other firms. - The remaining accentable pro-
duct of each ingot rolled into 1" Blpbs,- wag: pack .carburized by -

~ Disston and thereafter rolled into the final 3/E" gage. .of the orig-
inal plata rollad into final gage w1thout carburization. soma: from =

each ingot were processed by Diebold. Safe and Lock Coupany, by pack
carburizing the plate in 1ts final thickness, and .some from-each

ingot were processed by the Breeze Corporations,. by liquid carburizing
in a salt bath, - The heat treatments usad by the three fabricators
were sipilar except for the quenching operetion.~‘.

Diseton quenched the plates in’ water or W oil depending upon the

'compoeition Diebold oil qnenched the platee and Breeze employed a
" delayed oil quenching process to lesaen the tendency toward face epalling

Details of the fabrication of the plates are described in Inclosure A,

" Plates from each of the seven heate treeted by Diaeton were eubmitted
“in the standard size of 36"x36"x3/8", while plates from each of the

seven heats treated by Breeze, were submitted as 18x18x3/8", ‘the other

‘wportions having been coneumed in the company'e pilot teets.

Theretie gshown in Teble I'a"scheduls’ of the experimental plates.
tested and éxamined at Watertown Arseénal, 'which' are coneidered i this
repoft.  :The détails of’ fabrication are: coneidered in Inclosure A, and

fcorrespondence with the fabricatore ie contained in Appandix A \5'

-mns:c_pnocmu‘am:;_-

1., Ballistic Tests ’f‘wdr‘wf”ﬁt“hﬁﬂft o

Ballistic tests were conducted at Wetertown Arsenal on the |
groups of platee treated by Dieston Dieboldm and Breeze as followe“

! a. First two army. bellietic limite’ were obtained. one at each
- of two oppoeite corners of each plate, uaing ‘ealiber .30 M2 plate— o

testing armor piercing bullets fired at, normal from a conVentional

e
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caliber .30 Mann barrel.

b. Second, a shock test was conducted on the center or
opposite corners of each plate by the normal impact of one or two
bursts of five rounds from a ecaliver .30 machine gun using service
caliber ,30 M2 armor piercing bullets. 4

¢. Third, an army ballistic limit was obtained on the center
of "each plate by the yawed impacts of caliber .50 M2 plate-testing
armor plercing bullets fired through tipping sereens from'a caliber .50
BMG Mz barrel.

In some cases, becsuse of the absence of an undamaged area,
the determination of an actual ballistic limit with yawed caliber .50
A.P. bullets was imposaible on the Breeze plates, which had been sub-
mitted in the reduced.sizs of 18"x18", Machine gun shock tests on the
Breeze plates consisted of two bursts of 5§ rounds each, while shock
tests on the Disston and Diebold plates consisted of but one burst of
5 rounds.

The locations and positions of the tipping screens used. in
producing the yawed impacts of caliber .50 A,P. bullets are shown in
Figure 9, Bullets traveling toward the plate were yawed or tipped in
passing through the first screen, and wers stabilized in their yawed
or "sidewise" flight by passing- through the second screen so that they
struck the plate flat rather than with their p01nts forward.

2. Metallurgical Examinatlon

After comnletion df the ballistie tests, the plates wpre'“
sectioned for a metallurgical study which included a layer carbon anal-
ysis through the hyper-eutectoid case on seven typlcal platas. ‘& mecro-
scopic examination, microscopzc examination fracture .grain size de-
termination on the casp and .core, Brinell hardness on face and back
Vickers hardness surveys ‘taken at intervals of 020" across the thick—
ness of the plate and modifled Izod impact tests made onlv on platés
carburlzed by Breeze X ; ‘ .

Since 1t was desired to have the notch of the Izod specimens
extend below the case of the fage. hardened plate samples, the.case
depth was measured. m1croscop1cally to . determine the'notch depth ne-
cessary. The test bars. were ground on the face to.make them ;365"
square then, notched through the case to a depth of:, 095“ ‘A diagram
of the test specimen is shown in Figure 10,

The chemical analyses were taken from the test coupons cast
from the seven heats investigated. ‘ :




RESULTS AND DISCUSSION

1. Ballistic Testa -

A summary of the ballistic tests is given in Table II e.nd.
examples of satisfactory and poor armor plate subjected to yawed im-
pact tests are shown in Pigures 1-8° inclusive. Detailed firing records

. are contained in Appendix O,

&, Results of Ballistic TFStB on Pla.tes Subiected to thP
Standard Penetration and Shock Tests -

The ballistic limits of all plates were between 75 f/s
and 346 f/s in excess of the ballistic limit specified fon 3/8" face -
hardened armor. However, several of the plates containing no nickel
and one plate containing 2% nickel failad to pass the quqifications

- for face hardened armor becauss of poor rasistance.to shodk, . This
‘group of poor quality plates included the non-nickel bearing steels

carburized by Breegze which exhibited undesirable face spalling, namely,

-Plates 564-1-2 (Or~io), 566-1-2 (Cr=Mo-V), 567-1-2 .(Cr~Mo~Zr), 569-1-2

(Mn-Mo), and also & series of plates carburized by Disston which
spalled on the face and on the back, Plate 566 (Cr-Mo-V), end 567
(Cr-Mo-Zr). One of the nickel bearing gteels- car'burized by Disston,
Platp 571 (Ni-Mo-V) spalled on tbe baclf u.nder tI" shock test,

- Tha plates containing nickel car‘burized by Breeze end
Diebold. and. the four-plates 564 (Or-Mo), 569 (Mn-Mo),” 565 (Ni-Cr-Mo),.
and 570 (¥i-Mo) carburized by Disston passed-satisfactorily the re-
q_uirenents of Spracification A.XS-)-I»90* for 3/8" faoe hard.ened. armor.

' '_b_. Rpsults of Ba.llist.lc Tests on Plates Subjected to_the
Yawed. Inpacts of Ca.liber .50 AP M2 Pro,;ectiles

i Armor nlate made fron Heaté"'65 (Ni Gr-Mo) 566 (Cr-Mo-V),
570 (Ni—Mo) ‘and 571 (Fi-Mo-V) exhibited vroperties far superior to

those ‘plates from other Heats 564 (Cr-Mo)i: 567 (6r-Mo=Zr), and 569
(Mn-Mo). The ballistic limits of' these satiafactory plates were. from
300 f/s to 780 f/s higher than those of the poor plates, whereas the
exit -diameters’ were gpnerally mich 'sméller than tliose observnd in the
poor quality plates ‘There were ‘a- faw oxce'ptions ifor some undesir-
ably large’ pxit dlameters were observed 1% ‘Plabes 566, 570, and 571,
carburized. and heat treated by Digston, It may be ‘dignificant that
two. of these plates Nos, 570 and 571 had bean water quenched.

2_, Metallurgica,l Examination |

Ghemcal Analyses e i

: . Ghemical analvsea taken from teet coupone caat from the
seven heats investi ated‘ are given in 'l‘able III "":l-:‘w. : ‘

‘v-m‘ ‘l} K
T |

*Axs~1‘90 - Speoification for 1/14" to 1+-1/8“‘ Rolled Face Hardened. Armor |
Plate, Septem'bar 27, 19&0 ‘ R P




b. Carbon Distribution in the Carburized Case

The carbon distribution through the cases of the seven
plates, selected as representative from sixteen plates tested and
examined, is given in Table IV,

Results of carbon analyses indicate that the carbon con-
tent near the face is much greater in the plates cerburized by Breeze
than in those carburized by Diebold or Disston. Plate 565-1 carburized
by Diebold-had a very shallow depth of case. This was confirmed by
the Vickers hardness survey as shown in Figure 16.

c. Macrostructure

A study of the macro-etched sections indicsates that Platses
569 and 569-1-2 (Mn-Mo) showed evidence of & pronounced segregation of
elongated nonmetallic inclusions while the remaining serles of plates
were relatively free from segregated nonmstellies, see. Figure 11.. All
plates have been thoroughly cross rolled as shown in Figure 11 which
reveals the similar etching characteristics in both the longitudinal
and transver_se d.irections, 'indicating the degree of cross rolling.

d Microstructure

The reaults of the Yn:l.cras;copic exanination of the case
and core, depth of case, and amount of decarburization are summarized
in Teble V. Typical photomicrographe of plates carburized by the
three fabricators, Disston, Diebold, and Breeze, taken at ,010",and

.025" from the face and one from the core are shown in Figures 13,
lh and 15, Although not all photomicrographs are desorlbed in de-

. ta11 they were included in. order to make the study comnlete.

Wlth the cxceptlon of pla.tas made fro'n Heat 569 (Mn -Mo)
which contained undesirable stringers of nonmetallic inclusions, the
balance of the heats, Nos, 564 (Cr-Mo), 565 {(Ni-Cr-lo), 566 (Cr-Mo-V),
567 (Cr-Mo-Zr), 570 (Ni-—Mo) ‘and K7L (Nl—Mo-—V) were relatively. free
from elongated noenmetallic inclusions, see Flgu.re 12. ‘

There 1s no correlation between. the ballistic perform—-
ance of the platas and the small amount of retamed austenite in the
carburized cases. Austenite is reveeled as a white constltutent

| present as shown in the: photomicrographe taken at 010“ tmd 025"

from the surface of the carburized plates, see Figures 13, 114 and

15.

There were many more undissolved carbides in the car-
hurized cases of the plates face hardened by the. Breeze Corporations
then in the plates face hardened by the Henry D:Lsston a.nd. Sons, Ine.
See Figurss 13A,:D, Gy J, and 154; B, H, and K This may be accounted
for by the fact that the plates carburized: by Disston are; rolled and
annealed after carburizing. thus ce.using a diffusion of carbon from
the surfa.ce la.yers ‘of. the plate. It is bal I ed that. a diffusion-
or case: migra.tion treatment given to the pl tes carburized ‘by-Breeze

would have eliminated ‘thia excessive undiesolved. carbidp condition and’
hence would. have reduced tho brittlenesa in the ca;'burizpd faces which: .

'




resulted in face spalling, eséecially in those plates containing no
nickel.

In Figure 15C is shown the hard light-etching marten-
sitic structure found at ,OUO" beneath the surface of the plates car-
burized by Breeze. ‘This formation of an outer case .030" deep was
more or less prominent in all. the platps carburized by ‘Breeza.

' The two Diebold Plates 565 1. (Nl- Cr-Mo) and 570 1 (Ni—Mo)
had a relatively shallow casa as a résult of the short carburizing
cycle employed, but the ballistic properties of these two plates were
very satisfactory. In the sixteen plates examined the case depth..
-varied from 15% to 32% of the plate thickness, indicating that face
hardened armor may have wide varistions in case depth end still pos-
sess acceptable ballistic propp“ties '

Tha microstructure of the core of the plates 565, 565-1,
and 565-1~2 (Ni-Cr-Mo) and 570-1 and 570-1-2 (Ni-Mo) containing 3%.
nickel which exhibited superior resistance to the yawed impacts con-
sisted of a uniform tempered martensitic structure with no svidence
of ferrite present. (Ses Figures 13-0, 14C, ¥, and 15P, S.) The
plates containing 2% nickel, Nos, 571, 571- 1—2 and one plate (No.
566-1~2) from the Cr-Mo-V heat had fairly good ballistic properties
under yawed impacts although there was: some free ferrite present in
the core. (See Figures 13U, 15V, and 15G.) Plates from the remain-
ing three heats (Cr-Mo), (Cr-Mo=Zr), and (Mn-Mo) which were unsatis-
. factsry when subjected to yawed impacts contained much more ferrite
~ 1n the core and by the same token were relatively lower in hardness.
(See FPigures 13C, I, L, 15D, J, and M.) ' On this basis, however, the
bellistic properties of the unsatisfactory plate No. 570 (3% Nl—MO)
could not be readily explained since it contained a uniform marten-
sitie structure in the core¢ accompanied by & fairly high core hard-
- ness, see Figure 13R, :In ‘this connection it was observed: that the

Disston water quenched platas‘were more brittle than the oll quanched
plates. Do . ‘ .
- e. Shepherd Fracture Grain Size

The resulta of a comparison between the fracture graln
size of the case and core of plates in the ‘heat trpated coridition with
the Shepherd Fracturs Grain Size Standarde* are given in Table V,

The fracturs Frain size of the armor plate having satis-
factory ballistic properties varied from 6~9 in the core whereas a
grain size of U7 waa observed in the core.of the plates having poor
resistance to yawed impacts. The carburized cases of all plates
exhibited a fine grain structura.

¥lotals Handbook, 1030 sdition, pases 652-65%,
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f. WMechanical Tests

(1) Brinell Hardness

Brinell hardness tests were made by the fabrica-
tors and by Watertown Arsenal on both the face and back of the plates
studied. Low hardness values reported by the fabricating comosnies
probably resulted from their failure to remove the decarburization,
Decarburization was especially wnronounced in most of the platss treated
by Disston. A comparison of the Brinell hardness values reported by
the fabricators and those determined at Watertowm Arssnal ia given in
Table V.

(2) Vickers Hardness Surveys

Vickars hardness surveys taken across s~ctions through
the plate shown in Ficzure 16, indicata the cass denth, the maximum casz
hardness, and the core hardness. Platescarburized by Diebold had &
relatively shallow case without advarssly affacting the ballistics.

The core hardnesses in the nickel stesls are con51=tently hlgher than
in the non-nickel steels.

(3) Impact Tests

The results of tha impact tests which ara in Table V
1nd10ate that the Izod impact values of the nickel bearing steels are
somewhat higher then those of the non-nickel bearing steels. It
should be noted also that the hardness.of the nicksl bearing steels is
relatively higher than that of the nen-nickel bearing steels.

Thers is soms question as to ‘the significance -of these
impact data 'since the "V" notches of certain test specimens.do . nbt ex-
tend entirely through the hardened case ‘inte. the core of the plate as
had been planned. Notch depths had been specified on tha basis of a
microscopic determination of case depth. Subseguent Vickers hardness
surveys indicatsd the case hardening to extend beyond the depth shown
microscopically and, in some cases, beyend the vertices of the V"

. notches. It is DOS§iblP that this cond1t10n would 1nfluen09 thp 1m—

pact energi;s rpported
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TABLE I f

Schedule of the Experimental Plates Tested and Exanined

at Watertown Arsenal f

|

Serial Numbers of 3/8" Face Hardened Test Plates |

Carburized and Carburized and

STEEL Heat Treated by Heat Treated by Carburized and 3

v W.4. Henry Disston & Diebold Sofe and Heat Treated by :

b Heat No. _ Type

Lock Co,

Breegze Corp.

.o 564 Cr-Mo 56k
565. Ni-Cr-Mo 565
566 Or-Mo-V . 566 ‘
567 Cr-Mo—Zr 567
569 Mn-Mo 569
570 Ni-Mo 570

. - 564-1-2 5 l
565-1 565“'1.,-2 ;
566-1-2 "
567-12
569~1~2

| 570~1-2

1
570-1 :
5711m2 : i \

{
571 Ni-Mo-V H71
Accession rg_"___
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L ? TABLE II
Sunmary of Ballistic Tests of 3/8" Low Alloy Experimentsl Armor Pla
Detailed Firing Records - See Appendix O
l Specified Shoek” Test Yawed Impacts
Ballistic |Ballistic MG Fire* '
Plate 4| Type | ThioKness Reported Limit ¥/S Limit F/S Cal..30 APM2 Cal. .50 AP M2
: Iniches |Brinell Hardness Normal for Striking Velocity |Ballistic| Striking:
_ Gal,.30 APM2 iThickness Service Limit Velocity
! Nom. .Act.| PFace Back 51 Specified|{Max, Exit Diameter B[S F/S
564 2564 1 oo3g |, 7/16x7/16"
. G . . -
Digston »do) . 375 37? 601 32l I\Tgsgg’gis +31L4 ¥o Spalls 1566
3 2204, CP, P
| 238 5 | 1-1/2x2-5/8
2432 : back spall,
561-1-2 "6y wo| . 375 |.382| 627 277 2589Av. 2267 1/2"x3/8" - |mr. e, ?
Breeze o 1tg7/gn +242 No Spalls Bxit diamet
f Face Spall 1-7/8x1-7/8
2211, CP -P
565 Ni- | op 3 2325 2234 1/2"x1/2"
Disston | Or-o| <370 |- 368} B0l | M5/kag) 2296 +77 |stient Back Spalls| 2280 -
; 2311Av.
] \ ~ 2455
565-1 | Ni- : ‘ 2565 2279 7/16vx3/8" :
Dicbold | Cr-to| + 370 |- 387 |601/627 | W5/Whh | o500, +251 No Spalls | 2300 -
‘ ‘ ‘. No. Spalls
5651, N ' o 4 /16x7/16
-1-2 i- : ; 2358 228 9/16x7/16" Approx.| 2209 FP
Breeze | Cr-Mo ‘13‘75 -3891 555 k29 23584Av. + T4 No Spalls 2203 2203 Cp
s No Spalls e
et o h‘f“ "m‘ g vetiag TR ¥ T " rwous e
T = - ;“““;
Y 2549 \ 1/ 2x3/g" o
masen] v (3| 62 amfess | e | ERL| o afesfer ) asmo -
v A - /’-&x}/h““ﬁ‘a.ce ‘ f—E | ‘B‘ack‘Spgll
. : Spall Ll ‘
2502 T
| PRI ] IS R 26h7 | 9/16::1/2"‘ \ 1. 2e0s
. 5316‘:;5 .375| Yk .. 653..( 363 | . 2575Av. fgoz | 1.-1/2"x1~5/16" sig9 | 3-3/4die.
axp L 1_3/1;,;1_3/)4" 73 ‘ I‘aca Spal]_ ¥ Concentric
‘ ‘ i Faoe Spalls | . ‘ ' | face crack
| ‘ T an s ‘
567 ! : SRR 12350 ° 2231 | 1/ 2153/ 3" o
Disston | -367) 6eT 255/‘27,7‘ 2363.Av 4132 ;Iaarse Back Spall 1600 |-
‘ ‘ nal "\To Snalls ‘ e
o 2211 CP, PT
|2203:cP, PO
2—1/8x2"exi
- ‘;.15 chyametpr ‘




tic Tests of 3/8" Low Alloy Experimental Armor Plate

TABLE 11

ailed Firing Records - See Appendix C

pecified Shock Test Yawed Impacts
allis;)lc . MG Firxl‘: . - Maximum
imit F/S al..30 APM2 al, .50 AP M2 X :
for Striking Velocity |Ballistic] Striking  |or-v Diameter Remarks
hickness Service Limit Velocity _Ya"."ed lmpacts
pecified|Max., Exit Diameter F/S F/S ' 4
’ Unsatisfactory ~ Yawed
2238 7/16x7/16" 1566 2"x1-3/4" | impact, Cal..50 APM2. |
+314 No Spalls 5 - 1/2"crack Satisfactory under stands |
ard ballistic test.
2204, CP, PTP.
- 5 /g
Ilaail/zgzia?.{? Unsatisfactory under
2267 1/2"3[3/8“ . 2197 CP, PTP. 2—7/81(2" yawed. impact Gal..50APM2
+242 No Spalls Exit‘dia.r;eter Unsatisfactory under
1-—7/82(1-7/8". gtandard ballistic test.
2211, Gp -PTP, ‘
Satisfactory under yawed
2234 1/2"x1/2" g6 1-1/8"x3/8" |impacts Cal..50 APM2.
+ 77 (Slight Back Spalls 22 - 3/W'x2"cracks| Satisfactory under stand- |
ard ballistic test.
Satisfactory under yawed
2279 7/16%x3/8" 1-1/ k2" impacts, Cal..50 APM2.
+251 No Spalls 2380 - cracks Satisfactory under stand-
CP - IB  |ard ballistic test. |
‘ Satisfactory under yawed
208k 9/16x7/16" ~ Approx.| 2209 PP L w1 dn impacts Cal..50 APM2,
+ 74 No Spalls 2203 2203 CP 13 "xlz Satisfactory under stand-
ard ballistic t‘est.
" ‘ : Unsatlsfactory u.nder
2257 ﬂ gg;g" 1911 _ o 2xen yaewed impactsCal. .50APM2,
+286 Back Spell 2" .cracks Unsatisfactery under
T . |standard ballistic test.
<1/ on ‘ 2208 o oo IBatisfactory under yawed | i
2302 1_‘1?/23;&1,1_/2 6n 19 3-3[Unqia, St ideqae | impacts: Cal..50, AP M2,
5/1 2199 ; 13x13 !
+273 Face Spall Concentric | -] Unsatisfactory under -
i ‘ face cracks. . standard ballistic test.
Unsatisfactory. under
2231 1/ 2x3/8" 3-1/2xa-1/ 2n awed immect T 1. .504PM
Lerge Back Spall | 1600 - ~1/ " yawed impacts bal.. q
+132 gt t1 Sp 1-1/4" crack Unsa.tisfactory tunder |
arting tkru P‘l‘ate- standard ballistlc test. |
2211 CP, PTP. | ‘ "
: 2203 CP, PTP.
2960 7/8x1/2n 2—1/8x2"ex1t ; 2-—3/“1:1—-5/8"
£181 No Spalls . - diameter, . ; Excesswa
¥ ‘ 2197 CP, PTP.:
BRI 1-3/Ux1 7/8"
R exit diamete
22k3 3/8x7/16"
+136 ‘No Spalls
2267 | 1atx/ %
+212. I  No Spalls




PTP - Projectile through Plate
IB -~ Large Bulge K

R

‘ The Breeze plates were sub,J ected to 10 ro

Tace Spalls face cracks
2375
567 | Cr-Mo- 5 1/ 2x3/8"
Disston| zr |-375|.367{ 627 |255/217 2%2(3)”. ffgé Large Back Spall 1600 -
No ‘S;)alls Starting
. 2211 CP, P
2ﬁ62 220? CP, P
567-1-2! Cr-Mo 2419 2260 7/8x1] 20 2-1/8x2"exi
<3751, 601 2 24lilav, - diameter.
Breeze Zr 319 1 1"’11"v +181 No Spalls EZILSIYDeGPI,. PR
Face Spall | 1-3/U4x1-7/8"
AN exit diamete
2uL5
569 2 mn : g
: VoMo |. . ~ 312 22u3 3/8x7/1
Disston| Mo 1.375].372; 601 |302/321 23794y 1136 o Spalls 1503 -
No Spallg .
570 ' 351%9 | 2 o
. M- 7751 78 2267 1/2nx1/pt ; B eyit
Disston| Ho 375"382 601 375 %LL79 1 +212 Yo Spalls 5 - /eterﬂ '1’2
, | %‘nﬁ"sﬁn i :?[__XL
510 | | Sey | | |
. T NieMo I - 2409 2286 7/16x3/8" - 1
Disston |0 | 375|390 601/ | hon/has, oU20Av, .| - +143. No Spalls. 2036
; . No Spalls|. '
570-1 | | e Néxsen
- N . 2u96 Beb2 | . 9/1lbx3/8" 2175 -
Diebold | ¥i-Mo -375-»389 578/627 363/”01, ' 23864v. #1124 No Spalls 2183
{ No Spalls| ' :
‘ ' 220% 0P, PP
U i ‘ Back spall
| 2hha : 1-1/8x3/ 4"
570-1-2 | . 241 2272 1/2'x3/8" SR
Breeze !Ni Ho lr 375|384 601 y’lS 2UlioAy, +170 Wo Spalls " 2197) EP.' PIP
5 i No Spalls 2-3/Whdiamet
i Concentric
i cracks.
! ! 2545 ‘ ‘
571 Fi-Mo-| 2623 2238 1-3/8Mx1"
[Disston | v 375310 €27 | 33/3M|  xmgluy, | 436 ool el 1930 -
. ! No Spalls ‘
1 B | | ‘ 2199 Gp, L.
571-1-2 INl Mo~ i : ggﬁ? 2060 1/2x7/16M A 13" crack.
= -1 . : : X ApPproX.
Breeze .| :375 ‘380 601 & ieay. | +216 No Spalls 2199 | 2990 OF. L.
R g l A - No. Spalls AT | zéar rack in
NOTE: (P = Gbmplete Penetration ‘ NOTE: Plates considered unsatisfactory ur;der yaws

excecds 1-1/2"x1-1/40,.
*The Disston ‘and Diebold plates were subjeuj

Al




Face Spall

face cracks.

standard ballistic test.

Unsatisfactory under

i 1
1/§x3/8' 1600 3'1/E§2"1/2" yawed impmcts Cal..50APMZ
rrgi ack Spall - 1-1/4" crack Unsatisfactory under
arting thru plate. | pan3ara vallistic test.
2211 Cp, PTP.
2203 Cp, PTP. .
_178xoTexit 2/ kx1 5/ Unsatisfactory under
7/8x1/2" 2. /8x2"exi 2-3/ x 5/8 yawed impactsCal..50APM2.
- diameter. Excessive .
No Spalls ~ m Unsatisfactory under
2197 CP, PTP. {Back Spalls J
; L~3/hxl—7/8" standard ballistic test.
: exit diameter
- Unsatisfactory under
3/8x7/16" 1503 _ 2-1/8x1-1/4" |yawed impactsCal..50APM2.
No Spalls 2fiCrack Satisfactory under
‘f - standard ballistic test.
; p2ogenp, PIE,
\ ; i 5796 QP Tix Unsatia_sfactorg under
1/2tx1/an ; q/‘ggw evit di~: " g (Jewed impactsCal..DOAPM2.
; No Spalls ! - Laeter, So0KR. O x3-1/2"  |Unsatisfactory under i
\ ; PTP,Q_f/ X125/ ,standard ballistic test.
PRSI . I RN T | s
Unsatlsfactory under
7/16x3/8" 06 ~ 2 /Uxo_1/an | yawed impacts,Cal..50AP
Yo Spalls. 203 2-3/Mx2-1/8 M2. Satisfactory under
l standard ballistic test.
Satisfactory under yawed
9/16x3/8" 2175 _ 1-1/2x1-1/4" | impacts,Cal.,.50APM2.
No Spalls 2183 2" crack Satisfactory under stand-
ard ballistic test.
2204 Cp, PTP
§a§783paiﬁ Batisfactory under yawed
1/24x3/8" _ 2;97 JcclJDI bip oy /ot impacts, Cal..50 AP M2.
No Spalls 5 /)Jr"d' t. Satisfactory under stand-
! -3/ Hidiameter, ard ballistic tess.
Concentrie
cracks.
Unsatisfactory under
"
1-3/8Mx1" 1930 leégxtilésﬁz yawed impacts,Cal..50AP
Face Spall 3 - a M2. Unsatisfactory under
plate | jtandard ballistic test.’
%i%gcszékLB' 2-1/%4"diam Satisfactory under yawed
1/2x7/16" Approx. 2205 CP. 1B Concentric impacts, Cal..50 AP M2.
Neo Spalls 2199 ’ ‘ Satisfactory under

3/4"¢rack in
rear.

face cracks.

standard ballfstic test.

ates con51dered unsatisfactory under yawed impact when max1mum eXit diameter.
peods 1-1/2"x1-1/}", :

, Disston snd Diebold plates were subjected to 5 roundo, Cal..30. AIME MG Fire.

s Breeze plates were subjected to 10 rounds

~1o-

of Cal..30 AP M2 MG Flre.

st




Chemical Compositions of

DABLE 111

the Seven Exmerimental Armor

Plate Heats

Heat

No. _ Type
564 Cr-Mo
565  Ni-Cr-Mo
566  Cr-Mo-V
567  Or-Mo-2r
569 Mn-Mo
570 Ni-Mo
571  Ni-Mo-V

.23
.23
, 24

.22

22

Mn

RI5

15
.83
1.38
R

.009
.010
.013
.014
.025
.010

.007

.022
019
.021

033
.Qe3
,018

.22

.23
.2k

.. 88

.27

.31

Ni COr Mo V_ _Zr
- 76 34— -
3.05 1.36 .36  —= -
-~ l.27 .56 .17 -
- .69 17 - .18
- e W25 - -
3.33  — .45 - =
2,09 - .29 115 -




A10v0BISTYESUN

RKzogoeystjesun

huo»omwmﬂumm
Ar04q08IS 13RS
AJor0vISTIRG
Axog08IS 148SUn

Axoq0ojsTyeSUn

S10BAE] DOME]

2W °d'Y 0&' °Te) Iepun
I0TABYSE OTISITIRE

—Hi-

62° 1 en" =@ 99 29°
AR L L P O
62 S 9wt 86 23 6s
Q9° HN.

% lzr 6 Iy

€ e @ 0§ 09

2

o ey 04 . U lg® 26

oL” £ en” ¢ 29° ¢l

pr=r oy (Y (At s oy - o oy
1 g ino EALY) iny mny
q39 a3g Uiq pag e 95T

90BJING M0OT9Q 90UBISIQ

S93BTd 3SO] USAOS JO S958) POzianqae].

ysnoIyy 42¢ /¢ FO y1dsQ ¥ 93 sSosATeuy uoqIs; Ieleq

AT TI9YD

o . e293xg - .
ORTR 2-1695
= - ezeaxg
oR-I0-IN 2-1-696 -
o prowum
OR-IO-IN - .@Mlm.wwn . o
e . MO3SS ) s
OW-20-TK ‘ mmm.ﬁ
wznuo azooag
2-1H94
R
a4, # 01814, ‘




R

()

TABLE V

Summary of Mevallurgical and Physical Preperties of

3/8" Low Alloy Experimental hrmor Plate

; { METALLURGICAL PROPERTIES | PHYSIGAL
| i } .g:z;h Ongiiﬁ Total Shepherd % Brinell Hardness .
| i H
i Plate # Typeg Structure of Casd Structure of CorelHard— i Microl D;ZZErOf ,Gf:?gtgzze‘ Case Co.
| : ! S TV Zesn 9oel 20
; i | { ness | Sur- =2
; ) i ! Survey | vey ;burl?atlon]Case Core Reported.W.A. Reported
! 564 Martensite, some (Low carbon mar- 1 ! l ‘ ;
Dlsstoni Or-Md carbides and aus- tensite with some! .110"; ,100" .06OY | 8 . 61 601 | 653 321
|  tenite. { ferrite. ? z i ; |
’ ' - . i Low carbon mar- i ] , ;
.56&—1—2; Cr—Mo:,MartenSlte ?nd tensite and some | .100" ! 095" _VoIY p 8 E 5. 627 6531 2717
. Breeze | : excess carbides. i ‘ . little i . ;
: | : ferrite. : i ; H i
Martensite, some 1 i ‘ ! ; ;
: -565 IN':L"’CI“—l carbldeS, and ‘LOW carbon mar- .125" 1 .090" very ; 9 ‘ g 601 : 601 )'1'15/!4'29
{Disston! Mo | o i enite. tensite. little ; i
' : i | |
i 565-1 Ni_cr-fMartensite and a |Low carbon mar- t | ngan'  Very ! i 60 601 415 /Y
‘Diebold! Mo ' few carbides. tensita. 075" | . 060 little . B f 7 1/627. ‘ 5/
:565-1-2 |Ni~ Cr—]uarten81te and  |Low carbon mar- | " Qiﬁ very H ‘ '
‘Breeze Mo 1some carbides. |tensite. | '125 -075 little J ; J 955 f ‘653 H29
‘ T Low carbon mar-- ‘ ‘ ‘
. A . H : l ;
iD.56f’; 01‘;}"°“§Maitens“§_§nd itensite and } 115" | 200" 025" g | 7 162 | 601|e85/293
isston 5 O ORTPTTeS-  |little ferrite. i i ; ; a ‘
| . A Low carbon mar— - i ‘ ;
'566~1-2 |Cr-Mo~| Martensite and S ‘ 1 " " " % { 3 3 6
Breeze | ¥ cxcess carbides. ‘;ens;te and some %,105;' . 085 .010 ‘: 9 ‘7“ 653 | 712) 363
1 . : errite. i ! l: :
567 lor- Martensite,some Low carbon mar- ' N T o
Diast 1‘; °"|carbides and = |tensite and .| .l00" i.085" .o70" i & 587 | 627 | 653|255/277
o UiSston ., 4T augtenite. aferrite. = - o ; . ‘ ‘ } ‘| 5 ‘l N
|Low carbon mar- . EEERR RN R T N R A
[567-1-2| Gr-to- Hartensite ana tansite and .100" | .085"| .030m | 7 | l&ri 601 .| 653| =277
Breeze Zr |excess carbides.; ferrite. S T : S RO Nl T
' ot Liow cafbon mar- B P R . o
569 |y _po|Mer te’“"i“e an@ |tensite end much |.115" | .10 8 | B&bl 601 - | 627|302/321
Disston some carbidea,q |ferrite. " RIECIN SRS o T e T
1, i - |Martensite,some  '|Low carbon mar- | I FERRE R ‘ ol B o
g§2;1;2 Mn-Mo carbideeq‘and g‘tenaite and some 115" ‘f,095"mQ:iZ:§{e 8 T 3501 | 6531 375
Z austenite. N ferrite. i ;“ S el ‘ T i vi
b Martensite, car-: I SRR A S I BREE
Dizzgon Ni-Mo |bides,, and some" “ﬁggs:::bon mar ‘.;gon  L 055"‘Wf\.010V 8 ”8”‘601/627‘ 601 u01/u15
, austenite.““ 3 Ak ¥ 3"“ R . N T
570~ N |Martensite and. TTow carbon’ mar-{j PRI P I P
Die'bolg;Ni Mo gome! carbides. tansite. - ‘ ’055:“ ‘g“‘ “8,‘5]$[§27‘ ;501‘363/N01
‘ : Marteneite soma ‘ S T PSRN DROE B
HT0=1=2 1 ) Low carbon ‘ iqam L PPl LN S LR
iBréeze Ni-—Md ca.rbides a.nd. ‘ martensit,e .;10" “‘ “6‘01‘-‘““ | 601‘ 5 1"15 |
1. ; austenite.‘ S ‘ B o
571 [¥i-Mo- |Mertensite and | Tow Garbon mer- |
1Disston: V”"“ arbi ‘tensite with a .
L ,‘?‘?"“;\‘?",1 BN some ¢ des. ulittle f‘errite. i
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‘ TABLE V }
? Metallurgical and Physical Preperties of I f
‘Low Alloy Experimental Armor Plate ‘ .
JPERTIES | PHYSICAL PROPERTIES -
Gass ' f : Tzod Impact Using
From | . Lotal - Shepherd Brinell Hardness Modified Notched Bar | Ballistics |
. i Denth of . Fracture : C
Hicro| D i . Longi- Trans- |Cal..50 AP M2 b
Buzr— gburic;zz’i.on! _G_-_z_‘_ay'__s_l_g_e_' 9‘%-95 Core tudinal -verse [Vawed Impacts] |
rey | PV Gase i Gore Reported W.A.|Reported|W.A.| Ft/Ibs. Ft/Lbs. o
! ! 1 : ! :
2000 060" 8 | 6 B0l | 653 32 | 363 - - Poor .
X ! i i | |
ogsri very g Loy st gy o653 o7y | 269l 9.9 9.9,9.6|  Poor
- little : | ! , i j
| ] |
.ogon| Very . 9 . 8 : 601 . 6011M15/429 | k29| - - 0.X. |
v Little [ ] i ' ‘ f[f
 ogon ! _very | '@ { _ B L »
L 060 | little g : 7 .3601/627.. 601 {415/44k Yyl 0.X. _ /1
y  very i . ; . 14.9 Co
! ; : + ' ‘ ‘ [
i | ; | ; ‘ P
.100" ¢ .025" { g8 ! 7 1 621 | 601|285/293 | 321 - - Poor | }( .
(085" .010" i g .7 | 653 1 T12| 363 388; 13.0,11.3 5.8 0.K. { ':I[‘F=
! i | ; ‘ ‘ by
' e w - — 3‘“
085" © 070" ¢ g 587 | 627 i 653(255/277 | 269 - = Poor | :?f
| 3 | . R R ‘ l T , };‘;‘i
.085 " .030" 7 b7l 601 653| 277 | 27711.0,9.7 | = 9.0: Poor . ! f
105" .oWow 1} 8 | Baf 601 | 627{302/321 | 3 . - -} = j‘ . Poor {i
“ ver,;,r ‘ ‘ X SR ot S #
J ‘ ‘ R S An Ci ‘
095" itt1e g8 | 74 601 653 375 }{15 .16..0‘ i sj.“o‘.:‘llt,‘oi 5 ‘j‘Pop‘vr‘ u
085" | .olor | & | &]|601/627 | 601 401/M15
| f ‘ Very o ‘ JURE ' - N
.950 | 1itele | g 8 5_78/6;7 601 S RS
| - very ‘ ; R o y . ‘f‘ 1o g o of
075" qiee1e | B | 8| 601 | GoL)
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o j‘above in the Rolling Practice.

Pebrication of the Experimental Armor Plabes

L, Steel Making Practice

The seven experimental heats were made at Watertown Arsenal
in an induction acid-lines furnace'snd cest in the form of 800-1b.
ingots measuring 6"x12"x36" not including the hot ‘top, The heats were
aluminum~silicon killed (aluminum 1#/ton).

2. BRolling Practice

The ingots were first homogenized at .2000°F for 10 hours, .
cooled in air, and shot blasted. They were then sent to the plant of

Henry Disston & Sons, Inc., for rolling into .plate according to the
procedure shown in Table I,

TABLE I
Digston Rolling Practice

Showing Initial Rolling Temperature

(Degress Fahrenheit)

Hammer - :
Cozging Crose-Rolling to Plate
Cog Roll- . Reducing 1" Untreated
ing to Reducing 1" Face-~ Slabs to 3/8" Plate for
W.A, 1" thick Carburized Slabs . Carburization by
Heat No, - Type Plates to 3/8" Plate . Diebold and Breeze
564 Or-Mo 2130 - 2150 2175 -
565 ¥i-Cr-Mo 2275 2185 2300
566 Cr-Mo~V 2175 2150 ‘ 2220
567 Or-Mo~2r 2170 2150 2210
569 Mn-Mo. 2180 - 2120 - 2240
570 Ni-Mo 2200 2160 , - 2280
571 Ni-Mo-V 2250 2130 2270

- NOTE: The 1" thick cog rolled plates were not eanealed after rolling.

The 3/8" thick carburized plates were subsequently annealed at .
1200°F for 10 hours, The 3/8" thick plates sent to Diebold and
Breeze were annealed at 1200°F for 10 hours.

3. Carburiging Practice

‘a. Henry Disaton and Sons, Inc.

. One inch thick sla‘oe of. Pach composition were heated in
solid carburizer to 1750°F in 2k i nours end held at temperature for 90
hours, The slabs were eubsequently rolled into 3/8" plate as: ou’olinpdf;y




b. Diebold Safe and Lock Company

£ R REACEH

The 36"x36"x3/8" plates were heated in solid carburiger E
to 1680-1700°F in 4-6 hours and held at temperature for 36-38 hours A
and box cooled.

¢. Breeze Corporations

The 36"x36"x3/8" plates were heated in liquid carburizer
at 1750°F for about 14 hours and air cooled.: '

4, Heat Treatment

Heat treatments as reported by the manufacturers are given -
below in a. Table II, b, and ¢ Table III, b

0
i
i
i
it
|
i
il
I
sy
i
o
i

a. The heat treating cycles given the plates by the Henry
Disston and Sons, Inc. are given in Teble II,

TABLE II
‘ Elcperihental 3/8" Low Alloy Face Hardened Plates Heat Treated

by the Henry Disston and Sons, Inc.
| Tempering
Heating and Quenching (Held at temp. for ohrs.)
Quench Brinell Brinell
Temp ., After Quench Draw After Draw b
Plates Type °F Coolant _Face Back Temp. Face Back 1
5ol Cr-Mo 1500 water 495  321/331 300°F 601 321 ‘
565  Ni-Cr-Mo 1550 0il 601 415  300°F 601  415/ue9 o
, 566  Cr-Mo-V 1550 oil 555 321 300°F 627  285/293 g
567 Or-Mo-2Zr 1550 oil 601/627 341/363 300°F 627 255/277 ;}g
569 Mn-Mo 1550 0il 601 331/363 500°F 601  302/321

570 Ni-Mo 1425  water 601/627 388 300°F 601/627 401/415

571 Ni-Mo-V 1450 water 627 331/341 300°F 627 331/3W1

b. The heating treating cycles given the plates by Diebold
Safe and Lock Company are as follows:

¥ Plates 565-1 (Ni-Or-Mo) and 570-1 (Ni-Mo) were normal-~
ized at 1680-1700°F for one hour, air cooled, and
annealed at 1180°F. .

}; Plates were then rohsated to 1500°F in 1/Y4 hour, held
B at temperature ‘for 37 t hour, and full oil quenghed. -
i%i The temperature of the ‘quenching oil was 90-110°F.: The

plates were then drawn at 325°F for 1/4 hour,

A

e
R
, R
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¢, The heating treating cycles given the Dlates by Breeze

Corporatlons, Inc. are given in Table III.

TABLE II1

Experimental 3/8" Low Alloy Face Hardenad Plates

Heat Treated by the Breeze Corporations

Quenching Practice

Time of 1lst Time of 2nd Br'inell

Immersion Immersion Hardness
Plate# Type in 0il Time in Air in 0il ~Face Back
564-1-2  Cr-Mo 50 sec. 1 min. 4 min. 627 277
565-1-2 Ni-Cr-Mo 50 sec, 1-3/4% min. % min, 555 429
566-1-2  Cr-Mo-V 60 sec. 2 min, 4 min, 653 363
567-1-2  Cr-Mo-Zr 50 sec. 3 m‘in. Y min. 601 277
569-1--2 Mn-Mo 50 sec. 5 min. 4 min, 601 375
570-1-2 Wi-Mo 50 sec. 1-3/ min, 4 min, - 601 415
571-1-2  Ni-Mo-V 50 sec. 1-1/2 min. 4 min. 601 321
NOTE: Plates were heatcd at 1550°F for 20 minutes in a salt bath furnace

for quenching,
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o
HENRY DISSTON & SONS, INC, '
} ‘
PHILADELPHIA, U, 8.4, ‘
April 15, 19k |
The Commanding Officer, %
Watertown Arsenal, : : § :
Watertown, Mass. : |
Attention: Laboratory (Major G, L. Cox) %
Gentlement | f
We are shipplng today the last ltem covered by your Purchase é
Order #9515. This consists of seven targete 36" x 36 x 3/8" :
carburized and heat treated by us, These plates ‘epresent |
thg ggilowing heat numbers: 664, 565, E66, 567, 63, 570 o o
an . :
The following 1s a tabulation of the process information }
on the varlous hoat numbers which yoéu requested. ’
’ ‘Heat Wo. BRolled to Final Rolling‘Temperature . i
538 1 1/2" 2508 F, ) |
529 W 20202 F. ) i I
5 "o - 2210° F. ) | y L
Slh1 "o ~ 22koe F, \; Finighed at L
She L 2310 F, i) 1 1/2" for :
| 543 v - 2250° F, ) Homo Armor. :
. 5L L 2210° F, ) " i
: 545 o 2elkoe F.o ) §
: ~ B56 " 2210° F, ) !
5 o571 o ., 2280° F., ) |
? F64 . 21308 F, ) o
: 565 " ~ 227%¢ F, ; S
! ; 566 " 2175 F, Rolled to 1% S
; 567 o 2170 F, ) for carburizing, = |
;; 569 " | 2180° F, ) L R
W’ 570 " - 22000 B, )
ﬁ’ 571 ' . 22500 F, )
b -
i ‘
WA, 470.5/4380




!
' .
L
]
]
|
{
Heat No, Rolled to Final Rolling Temperature ;
564 3/8" 21500 F. ) j
565 ) 21850 F, ) ‘ -
566 " 2150° F., ) Rerolled to 3%/&" |
567 " 2150 F, ) after carburizing !
569 " 2120° F, ) ©
510 " 2160° F, ) k
571 " 2130° F. ) .
, i
Attention Major G, L. Cox, ) ‘ i
Heat No. Rolled to Final Rolling Temperature ]
56% 3/8" 21750 F. )
565 " 2%00° F, ) Finished at 3/&" ;
566 " . 2220° F, ) for shipment to !
567 " | 2210° F, ) Diebold and Breezc 4
u 569 " 224bpe P, ) Not carburized. , ﬁ
g 570 " : 2280° F, ), “iTwo: targets (Nos, |
571 " 22709 F, ) 1&2) trimmed from i
- ‘ 3 each. . i
The annealing cycle was the same for all plates regardless 'Fﬁ
of gage and conslsested in heating to 1200°F, and 'holding at g
temperature for 10 hours. The time necessary for the plates K
to come to heat would, of course, vary wlth the gage of the ﬁ
plate, : ’ L ﬁ
‘ The carburizing cycle for the seven targets carburized at u
; DISSTON (carburized at 1" and rerolled to 3/4") consisted 1
? in heating the plates with solid carburizer to 1750°F. in "
| 24 hours and holding at temperature’ for 90 hours. . <
! T

Ww.A, b70.5/M30 ‘ | R
R o | | | L e O
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BREEZE CORPORATIONS
INCORPORATED
oli SOUTH SIXTH STREET
- NEWARK, NEW JERSEY
July 6, 1942
Waverly Plant, .
829 Newark Ave.,
' Ellzabeth, N, J,
The Commanding Officer,
Watertown Arsenal,
Watertown, Massachusetts,

Attentlon: Colonel H, H. Zornlg, Ord. Dept,
Director of Laboratory.

Laboratory - ELR

Reference: Col. H, H, Zornig letter dated July 3%, 1942,

< ‘ Dear Sir:

Quenching procedures for seven Disston plates (3/8 -
. X 18 x 18) processed 1n our plent are gilven in Table I.

. - The 36 x 36 plates ghipped by Digaton were quartered
(18x18) stamoed with additional identification Number
(-1, -2,7'~3 and -4), all carburized in the same furnace,
and the -2 sections quénched and shipped to your Labora-
tory, The -3 and -4 sectlons were quenched and tested
in our own range. The results of these tests appear in
Table 1I. IR . ‘ ek

P ‘In my opinion the only conclusionsg that may be
formed from results shown in Table II are:

1. Straight guench produces a plate wlth maxlmum ‘
reqietsncc to penetration.

\lpw

‘ BEC 16 1943 \
noo : 3, Delay quench lessens tendency to faceﬂapall

. | ‘ pronertics than #1,

Very truly yours
BREEZW CORPORATIONS INC

‘L Hrueovsny,‘; L
Chlef%Chemist-Metallurgist
Armor Divisioh | .

24 Delay ouench produces a pl 1t % less reslet-r
&nce to penetration but wi g chk . ‘1







|
TABLE II ‘ %
DISSTON PLATES SHOT AT BREEZE RANGE }

d
Quench: All plates reheated 20 minutes at 1550°F. in ealt {
beth furnace and quenched in oll at 100°F, |

Delay: 50 seconds oil, 1-3/U4 minute air, 5 minutes oil,
Stralght(sT) - 5 minutes in oll,

B,L, ' SHOCK

PLATE NO,  QUENCH f/s P,P, C,P, Remarks
56&-1—3 Delay 2322 0 12 1-1" semi circular F.S5., N@
5 6H-1. ST, 2453 0 12 1 3/U"F, Spalls -4 NG

¢ B565-l- Delay 2327 0 12 Extremely spall F.8.  OK
565—1—3 57, 2374 0 12 2~ 3/8" x ﬂh" face spalls -
5661~ Delay 2565 g 2 F.S, 2-1 3/L"x1% 2.1%x3/g"N(
556—1_3 ST, 240 14 1 F.S, 6 1 3/UNx1an : NC
567-1~ Delay 245l 0 15 B8, 1-1/2" Dia, N |
567-1- sT. 2527 0 12 F.8, 1% dia, NC
569~1—R Delay 2kl 0 12 F,8, 1 - 3/8" dia, -
569~ 1~ ST, 2520 0 12 F,5, 1 ~ 3/8" dia, -
570;l~a Delay 2365 0 12 Extremely small F.S, o}
570-1-~ sT. 2438 0 12 L 0’ \
571-1- Delay = 2432 0 1 F,S, 2-1/4" dia, OtherF§ C!
571-1~ ST. 2ug9 0 1 F.S., 2-1-3/8" dia, Smalle:

i ‘
iy i
il
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RESTRICTED

SUMMARY OF THE FIRST
MEETING OF THE RESEARCH SUB*GROUP
¢FOR LIGHT AIRCRAFT ARMCR

The meeting was held at the Penn Athletic Club, December
3rd, 1941,
The following members were in attendance:

Lt., N, A, Matthews:~-Watertown Arsenal
Dr, E. L. Reed t-Watertown Arsenal
Captain C, Mc Innes:-Wright Field
Mr, J. B. Lewarre i-Wright Field
Mr, A, B, Cooper :-~Jessop Steel Company
Mr, H, E. Doughtey :-Jesson Steel Company
Mr, Braender:-Carnegle Illlnols Steel Co.
Mr, John Heodge:!-Carnezle Illinois Steel Co,
Lt, J. J. Flynn:-Nayy Dept., Bureau of Ord,
Dr. Igor Zavarine:-Navy Dept., Bureau of Aeronautics
Mr,. W, Miller.-Diebold Sofe & Lock Co.
Mr, Abbott e ,
Mr, Clark : n n N "
Major J. L. Atkins:-Office of Chlef of Ord, Ind ‘Reasearch
Lt, G. W. Reltwiesner: Aberdeen Proving Ground
: Dr. H, B. Allen! Franklin Institute .
Mr, Robert Sibley:-Henry Disston & Sons, Inc.

Major H. A. Quinn:-0ffice of Chief of Ord Ind. Hgaearch

o o o A - e Ay o s R s S ah By S N W T et o S - — . -——..._—.—--...-—..—..-—..—4—_-—_..———-.-‘—-——.-—

The following also attended:

‘Mr, Ensign ) | | L
. Mr, Stelnmeiler )} Amerlcan Car & Foundry Co.,
Mr. George Miller) o
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A program for 1nvcstivating yswed impacts inched by
tipplng screens on various grades of armor plate was

inltlated, , . e
i The follbwing types of‘plate‘are to be used in this
I ‘ 1nvest1gation. 4
. B ‘All Test Platés to be 36 % 36 x 3/8"

b

l.‘
2
3
by

5e

Standord 100 harﬁened plate

Lightly cqrburizcd face hardened plate
Hard homogeneous plate

Homogericoue plate to conform wlth
Spoclficution-AXS-495. :

Nitridcd Plate :

P
ETRIR B

»&

e
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RESTRIGTED

It was decided that the Dlebold Safe & Lock Company and
American Car & Foundry Company would underteke the
manufacture and investigation of Item #1 and #2; that the
Carnegle Illinols Steel Company and Jessop Steel Company
would undertake the manufacture and investigatlon of :
Item #3 and #4; Henry Disston & Song would furnish the
nitrided plate. '

Aberdeen Proving Grounds are to institute immedlately,
under the direction of Lt, G, W, Reltwlesner, experlments
to establish a uniform test prooedure to be used 1in the
investigation of this plate.

It was also deelded that samples from the plate'tested

will be sent to Watertown Arsenal for mieroscopic investigation.

Agreement was resched that all information gained from
the investigation 1s to become the common property of.the
committee members, It wae the opinion of the Chairman end
the majority of the members that there weas'nothing in the
offing to produce any great improvement in ballistics.over
the material and alloys aiready in current use,

Dr, Reed of Watertown Arsenal was requested to 1neorp—
orate in thesc investigutions any' ‘of the low elloy armor
nalyses found to beé promising for-Rolled' Armor,: It was
agreed in the dlscussion with Captain Mec Innes of Wright
Field and with other service representatives that the best
tipoing screen for inducting yaw avpeared to be 1/8" durw
gluminum, It was tentatively agreed that the preliminary
investigation would be mede using 1/8" durel screen, set

- 60° from the vertical and at' a distance of 516" from the

target,

A proposal by Major E, A, Quinn that ell ermor 3/8"
and over used inside an airplane be made homogeneous, in
gecordance with specifioationdXS-495, It was the declsion
of the group that vefore final adoption of this propossal
the committes should consider the information and data to
be gained from the test program already outllned.

Any test plates showing promise ballistically shall
be submitted to the Committee For Reelstance Weldling,

It wae declded that another meeting ehould be held
ag soon &s resulte had ‘been’ attained o

oy ‘thrﬁI‘cmE‘D







BALLISTIC DATA SHEET # 1

Plate 564 -~ Henry Dieston & Sons, Inc., treatment

Face Hardened Cr-Mo - ~------ 364 x 36M x 36"
Plate a

Rd. Powder Str, :

No, Charge Vel, Results

Cal. .30 AP M2 firings

1 36.0 Lost PP NB ehattered
2 37.0 2192 PP NB n
3 39.0 2169 PP NB "
0.0 2259 PP NB !
R Ls,0 ol12 PP NB "
6 4o 2553a, PP NB "
7 54,0 2678 CP PTP 3/8%%x3/8" Pun, 8,
& 53,0 2652 CP PTP 7/16%x7/16" Pun.S,
9 51,0 = 2575a gp FPTP 1/4Yx3/8" Shattered
10 5 rd. m.g. burst cal, ,30 APM2 UCP-PTP Max, exit
to : 7/16"x7/16"
R service velocity 1CP~.FPTP-.CIP-BD
15 4y o 2555 Mlss |
16 L o 2522b PP NB shattered
17 ' ME.O 2590 CP PTP \
18 Li,5 2h57b CP PTP

Cal. .50 APM2 firings,

Projectiles tipped through 1/8" aluminum screen set
at 40°, 7'6" in front of plate, then through second. sareen
set at 0°, 3' in front of plate. ‘ S :

19 140.0 1919 CP . PTP 2" x 1 3/4¢

20 120,0 1665 - CP PTP 1 3/4" x11/2“
Pl 105.0 14h4g PP SB ST

o2 110,0 157uUw - CP PTP 11/2" x 1t

23 107.0 1557 PP MB . 1/2" Crack

apﬁvBallistic limite in diagonslly opposite areas of plate

2564 F/8, 2540 F/S.,

% Balllstic 1imit (cal,.50 APM2 projectiles yaved) 1566 F/S.

~F




BALLISTIC DATA SHEET #2

Plate #565 - Henry Disston & Sons, Inc,, treatment

Face Hardened Ni-Cr-Mo ------- J368% x 36Y x 36"
Plate

Rd, Powder Str. ‘

No, = Charge Vel., Results

Cal., .30 AP M2 firings:

1 Lk o 254U CP Backed by support

2 42,0 2413 CP FPTP 1/4"x1/ﬁ Exit shattered

z 41.0 2397 CP PTP 1/4"x3/4" Exit

uo 0 2302a PP NB

5 4o.5 234gg 0P PTP 1/4"x5/16" Exit

6 uo.o 2286b PP NB  Shattered

7 40,5 2306b Cp PTP 1/L4"x5/16" Exit

g€ & rds, m.g., burst cal, .30 AP M2 + CP PTP Max, exit
diam, 1/2"x1/2",

to Service velocity 1 CP CIP backed by
support,

12 _ Slight back spalls,

Cal, .50 AP M2 firlings: _ N
Projectiles tipped through 1/8" aluminum screen set at

hoe, 7'6" in front of plate, 'then through second screen at
o°, 3' in frent of plate, ’

13 150,0 2040 PP SB Ne cracks
1 160.0 2164 PP MB 2" crack on back
165 o 2229 PP MB 1;u " ] "
- 170.0 2308% CP FPTP 1 1/8“ x 3/8" Exit
17 167.5 2263* PP SB 3/4" cracks

a.b, Ballistic limits in diagonally oonosite areas in
plate 2325 F/8, 2296 F/S

% Ballistic 1imit (cal, ,50 AP ME projectiles yawed) 2286 F/S

-
B I T L T T T
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BALLISTIC DATA SEEET #3

Plate 566 — Henry Disston & Song, Inc., treatment

Face Hardened Cr-Mo-V —eeeeveaaan ,378"x36Mx36",
Plate

Ra, Powder Str.

No, Charge Vel, . Regults

Cal., 30 APM2 firings:

1 L0,0 2330 PP-No buldge  Shattered
2 41.0 2378 PP-SB Shattered
3 42 0 2418 PP-SB Shattered
300 2502 'PP_MB-CIP BD FS 1/2"x1/4"
5 43,5 0519 PP-MB-CIP BD
6 42.& 25228 PP..CIP-Pun, 8. BD
7 Lh o °5ﬂ0a CP-PTP Exit 1/LMx1/u
8 4.0 25340 PP-CIP-SB Shattered
9 AT 2532 PP..8B~CIP Shattered
10 T 05&3n°  CP-PTP Exit 5/16"x5/16" FS 3/UN%3 /40

11 5 rds, Cal,.30 ZPMG  10P-CIP-BD

2CP-PTP
' 2CP-Backed by suopport,
to Bervice velocity.‘ Max, exit diam,
15 o | 1"x5/8" Exit dlem,

16 5 rds. m.g, buret Cal, 30 APM2 5 CP-PTP one BS 1/4"x1/8“
to Service Velocity
20

Cal. .50 APM2 firings:
Projectiles tipped through 1/8" aluminum screen set

at 4o°, 776" in front of plate, then through second' screen
set at 0°, 3' in front of plate.

21 165. 2233 CP.PTP 2"xl 1/4" Exit Diam.
P2 160,0 2163 CP-PTP 2.1/ gfxg/uu“ o

2% 155,0 2130 CP-PTP " 2"x3/16° S

2 1 0.0 2065 CP-PTP 2%x /u« " "
25 145,0 2018 CP-pro). rejected 1%x3/4M

26 14%.0 1981 CP-PTP 2 3/4"x1 1/4"

27 140.,0 1915 | Hit Shot 21 o7

128 - 14o,0 1930% CP-PTP 2ifxa"

29 130.0 1890 PP.SB 2 - 2" cracks

a. b-Ballistic limita in diagonally opnoqite areas on plate |
2536 F/8, 2549 F/8. | o

. Ballistic Limit (Cal.‘.RO‘APM2J roJecti1e yawedx[ ‘




BALLISTIC DATA SHEET #4

Plate 567 ~ Henry Disston & Sons, Inc,, treatment

Face Hardened Cr-Mo-Zr, ———--- 367" x 36" x 36"
Plate

R4, Powder B8tr,

No, Charge Vel. Results

Cal, ,30 APM2 firings:

< 49,0 23%0a  -PP-SB-CIP Shettered
h1.0 2369a CP-PTP Exit 1/4" x 7/16"
4o.0 2%655b - PP-MB-CIP Shattered
41,0 27950 - CP-PTP Exit 5/16" x 5/16"

5 rd, m.g. burst Cal, .30 APM2 5 CP-PTP Mgx, exit 3/8"xi"
o) Service veloclity . Large BS starting

\O 1 B N Rl o

- Cal, ,50 APM2 firingst

Projectiles tipped through 1/8" aluminum screen set
at 4o°, 7'6" in front of plate, then through second screen
set at 0°, 3' in front of plate.

10 150,0 ° 2051 CP-PTP 2 1/4" x 34" exit

11 14o,0 1943 CP-PTP 2" x 1" exit

12 . 135,0.. 1872 CP-PTP Hit shot #10

13 130,0 1843 CP-PTP 2 1/U4Y.x 3/4" exit

1 125,0 1722 CP-PTP .

15 122,0 171k OP-PTP 1 7/8" x 1 1/8" exit

16 118.0 lost . CP~FPTP 1 1/H" crack, thru plate
17 115,0 1610 Hit shot #13 CP-PTP

18 115.0. 1617%  CP 3 1/2" x 271/2" opening

19 . 110.0 1h8o% . PP-S5B no cracks

a.b.Bal11stic Limits in dlagonally opposite areas in plate
2350 ¥/8, 2375 F/S. . ’

* Ballistic limit (Cal, .50 APM2 projecti}ee yawed) 1600 ¥/8

ot




BALLISTIC DATA SHEET #5

Plate 569 - Henry Disston & Sons, Inc., treatment

Fece Hordened Mn-Mo —----- ,372% x 36" x 36"
) Plate .
Rd. Powder otr,
Yo, Charge Vel, Results
Cal., .30 APM2 firings:
1. 4o,0 olp2g PP-CIP-F.8, 7/8"x3V Shattered
2 43,0 2468a JP-CIP Shattered
R 42,0 L lelo) UP-PTP
hi.o 23%%5b CP-PTP _
5 4o.0 2289b PP-CLP-MB-BD
6 5 rd., m,g, burst cal, ,30 APM2 5 CP-PTP max, exlt
to 7/16" x 7/16"
10 :

Cal, .50 APM2 firings:

Projectiles tipved through 1/8" aluminum screen set
at 40°, 716" in front of plate, then through second screen
set at 0°, 3! in front of plate,

11 150.0 2076 CP-PTP 2 1/8"x1" '
12 135,0 1892 CP-PTP 1 3/4"x1"
1 120,0 1660 . CP-PTP 2 1/8Ux1 1/4%
1 110,0 1559 CP-FPTP 2" creck
15 107.0 1328* CP-FPTP 2" orack
16 . 105.0 147g#  PP.SB

a'b'Ballistic 1imits in disgonally aonosity areas on plate
oihr F/8, 2312 F/S, | |

o oertt o < 655 oo S e L 7 TSNS T AR T

# Bpllietlc 1imit (cal, .50 APM2 vprojectiles yawed) 1503 F/8,




BALLISTIC DATA SHEET #6

Plate 570 — Henry Disston & Sons, Inc., treatment

Face Hardened Ni-Mo ———m--- .390" x 36" x 36"
Plate

Rd, Powder Str. :

lo.  Charge Vel. Results

al., 30 APM2 flrings:

1 k3.0 2469a CP-PTP °
2 1.0 2315 PP-No bulge Shattered
3 ho, 3 2398 PP-No bulge Shattered
he,7 ol28a PP-No bulge Shattered
2 43,0 oL g5 CP-PTP
L2.5 ol 8p CP-PTP
7 he,0 2loob PP-SB
¢ 6 rd, m.g. burst cal, ,30 APM2 5 CP-PTP
to  Service velocity Max. exit 7/16" x 3/8&"
13,

Cal, .50 APMZ2 firlngs:

Projectiles tipned through 1/3" aluminum screen set
ot 4o°, 7!'6" in front of olate, then through second screen
get at 0°, 3! in front of nlate.

1h 160,0 2167 CP-PTP. . 2%x3/4" Pun,

15 155,0 21.05 . OP-PTP 2 1/8"x1 1/&" Pun,

16 150,0 JO56¥ CcP-PTP 2 3/W¥x2 1/8"

17 145.0 20hh Hit Shot #15

18 145,0 2061 PP-No bulge struck screen frame,

19 140,0 1971 PP-SB 1" BC |
20 1430 1944 PP no hulge

21 145,0 1967 PP-SB 1V back erack

B o 1bg.0 20l40 Hit shot #19 CP-PTP

P73 147.0 1998 PP backed by suwnport

ol 147.0 201 6% PP-¥,B, 1" BC on bulge.

a‘b'Ballistlc Limits in dlagonally opmosite areasg in plate
ollig ¥/s, 2409 F/S, C

% Ballistic 1limit (cal. .50 APM2 projectlles yawed) 2036 F/S.

i




BALLISTIC DATA SHEET # 7 | |

Plate 571 - Henry Disston & Sons, Inc., treatment 3

Face Hardened Ni-Mo-V ----- - 370" %36"%36" | i

| " Plate : ‘ : |
Rd. Powder Str. %
No, Chayge Vel Results |

Cal. .30 APM2 firings:

1 43.0 2hk72 PP~CIP-BD .

2 L o 25228, Pr.-SB Shattered

L LL.5 2h68a CP-PTP

il LL.5 2hlg . PP-SB-CIP Punching started

5 45,0 2600b PP-MB Punch S. . ;

6 45.2 o64sp - CP-CIP Punching § -
7 5 rds. m.g, burst cal. 30 APMP 2 CP-PTP FS 1 3/8"x1" |

to Service veloclty 2 Cp-CIP ‘ ‘

11 | 1 PP-SB

Cal. .50 APM2 firings: ‘ }

. Projectiles tipped through 1/8" aluminum screen set o
at Loe, 7'6" in front of plate, then through second screen | l
get ap 0°, 3' in front of plate. ‘ ‘ ‘ g
12 160.0 2196 CP-PTP 2 1/8"x1 1/4"
13 140,0 1951% CP--FPTP 1" crack . |
1 1%7.0  1909*  P.B. % | \ |

a'b°Ballistic 1imits.in diagonally‘oppOSIte areas 6f plate !
ocls F/S, 2623 F/S. |

# Ballistic limit (cal, .50 APME projectiies yawed) 1930 F/S,




BALLISTIC DATA SHEET #8

Plate HbH-1 -

Diebold Safe & Lock Co. treatment

Cal, .50 APM2

Face Hardened Ni-Cr-MO ----w-=-- 3870 x 36" x 36"
Plate
Rd, Powder Str.,
No, Charge Vel, Results
Gal. .30 APM2 firings:
1 4,0 2262 CP-PTP
2 4o.0 oko? PP-CIP BD
3 43,0 2lg0a PP-CIP BD
43,5 2?09& CP-PTP
5 43,0 2199 PP-SB Shattered
6 47,5 250% PP-LB-Pun, 8, Shattered
7 42,8 2557 PP-CIP-NB BD ’
8 Lk.o 2555b PP..CIP-MB BD
9 L3 2572b CP-PTP
S 10 5 rd, m.H. burst cal, .30 APM2 5 CP-PTP
to Service velocity Max, exit diam. /
1L 7/16%x3/8"

firings:

Projectiles tipped through 1/é"% aluminum screen sab
at Uoe, 7t6" in front of plate, then through second sgreen

get at 0°, 3!

15 170.0
16 170,0
17 175.0
18 175.0
19 178.0
a'b'Ballistic
pL95/ F/8,

# Ballistic limit (cal,

in front of plate.

2286 OP.Nose forced through plats,
shattered, unyawed.

2717 pp-LB 13" BC  Shattered

249% CP-PTP Unyawed

2256* PP-LB.

2 Lol CP-LB 2" BC

1imite in dlegonally opposite areas in plate

p565 F/S,

B0 APM2 projectiles yawed) 2380 F/8,

22 St p'LAf,;.‘ i b
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BALLISTIC DATA SHEET #9
Plate 570-1 - Diebold Safe & Lock treatment

Face Hardened Ni-Mo

PO ]

380 x 36" x 36" l

' Plate | f
Rd. Fowder  St. | | |
No. Charge Vel, Results |
1 Cal. ﬁﬁo APMZ fil%np PP-no bulge Shattered
2 L, 0 2559 CP-PTF :

3 43,0 o7 CP-FTP | - 1
b 4o.0  24en CP-PTF : .
5 40,0 927€a CT-CIF-Pun, 8, Shattered

6 39.5 ’”a TP-SB Bhattered

7 10,3 pa PP-MB-CIP Shattered

g Lo.7 . FP-CIP Shattared

9 h1,0 9399 FP-CIP Shattered

10 bi.2 2340 TF.CIF Shattered

11 41,5 2hs5e PI-CIP-SB Shattered =
12 Le,0 2lk70 PD-CIF-MB Shattercd *
1% 2.5 lost F¥-CIP-MB Shattered !
14 3,0 2490b TP-CIP-Tun. S, ‘Bhattered |
15 13,3 2502 CP-CIP-Tun. S. |
16 5 rds, m.g, Cel..30 ATNe v CP~TTE .

to Service veldcity Tsx, exit dilem. ‘ ‘
20 T/18%x3/8 Lol

Cal, .50 ATM2 flringe:

; ProJj< ctilos tipoed through 1/8" aluminum screen set S
: at hoe, 7'6" in front of plates, then through second. sereen ?

: at 0°, 3‘ in front of plate,

) 21 145.0 2055 rP~SB Shattered - . .

‘ 20 1550 211k Pr-MB-Pun, S. o

3 180.0 - 2168 Cr—Hit other impact : i

! 2 160,0 D194 Not yawed CP-FTF '

3 160.0 2186 CP-ITF-Yaw,60°

3 6 - 160.0 2176 - CP-PID-Yow. 75°

] c7 160,0 218% CF-ehattered-Yaw, 75°

Lo o8 160,0 217%e IP-Shattored yawcd |

i 29 180,0 . 2330 CP-PTEF Yawed - omeninp 1 7/8%x3/4Y

i 70 ‘4 170.0 2272 CP-PTE-Yawed :

i 31 165.0 2239 CP-PTE-Yawed . S

i 72 162,0 219%a CP-DPTP Yawed RIS O

g 3 ©165.0 2253 CP-PTP Not fully yewed S .
i 3h 0 165.0 2237 CP-PIF 1 #'xl 174 R T P o
g %5 160,0  2187b CP-LB-2" crack \ o o :
l 36 1%8.0 ¢156 Bit previous impact
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BALLISTIC DATA SHEET #9 (cont.) 2 ﬂ |

|

Plate ‘ ﬁ

R4, Powder Str. q

No, Charge Vel. Results ' N
37 158,0 2163b PP-MB-No crack on back % 4

:"n.'b' 4
8iDuip 1114tic 1imits in dlagonally opposite areas in plate :
o275 F/8, 2496 F/S.

a.b-B?%;%7§ic 1imit (Cal, .50 APM2 projectile yawed) 2183 F/8,
2 . : ’

&




BALLISTIC DATA SHEET #10
Plate 544-1-2 ~ Breerze Corporatlons treatuent

Face Hardened Cr-Mo ———w-c--- 383" x 18" x 18"

Plate
Rd, Powder Str.
No. Charge Vel Resultg

1 11 rds, m.g. burst cal.

.30 APM2 & CP-PTP punchings mex,

to Service Velocity exit 2" x 3/8%,
11 . 5 CP-PTP full petalling
max. exit 3/8Yx3/38".
1l rd, missed,
Cal, .30 APMZ firings:
12 43 24ze PP Pun, S, CIP- BD
1% 42.5 2450 PP.-MB-CIP BD
14 4 2522 PP-LB-CIP BD
15 L o532a  PP-CIP intact Pun. S,
16 4ﬁ 0532 OP-—Punching Exit $%x5/16M FS 1"x7/8"
17 43,5 24on OP-Punch 3/8"x3/8% ¥S 1Vx7/8"
18 43 olfioy  OP-Punching 1/4"x1/u4*
19 42,5 2hoe CP-hit shot #15
20 42,5 2lo2  PP-too close to ehot #17
*01 53(1o§6.5 2587a  CP-Pun, 5/16"x7/16"
HU
22 h2.5 olipdh  PP-MB
\ .
Cal. .50 APM2 firings:

Projectiles tipped through 1/8" oluminum screen sot

at Loe, 7'6" in front of plate, then through second screen
set at 0°, 3' in front of plate.

23 165 220 CP-Struck Rds., 6 & 7

2 165 220 CP-PTP.B,8,-13" x 2 5/8"

25 165 2197 CP-PTP Exit 1 7/8" x 1 7/8"
165 o0]1 . CP-PTP Exit 2 7/8" x 2"

8.D.5111661c 1inits in diagonally opposite areas of
plate--2585 F/8, alkz2 F/8.,

* Snot 21 in first B.L. test using high Vel, powder




BALLISTIC DATA SHEET #11

Plate #565-1-2 - Breeze Corporatlons treatment

Face Hardened Ni-Cr-Mo ——----- 389" x 18" x 18"
Plate

Rd. Powder Str.

No, Charge  Vel. Results

Cal, .30 APM2 filrings:

1 38,0 2274 PP-NB
2 39.5 2350 Yawed impact
2 29.0 2313 PP-SB-CIP
0.0 2373a CP-PTP punching 3/8"x5/15"
5 39,5 2304 .PP-SB-CIP
6 79,7 2%63 CP-PTP punching 3%/8"x5/15" too.
i close to rd. #5.
7 39.7 2300 PP-SB
) 39.7 23434 PP-CIP-Pun, S. B.D,
9 0.0 226 PP-S3
10 ho.o ponk PFP-SB-CIP-BD
11 41.0 22&3b PP-NB-CIP-BD
12 42.0 2h32 CP-PTP 3/8"x%/16" punching
-1 1.5 olo2 CE-PTE 7/16"x1" punching
1 41,3 2373b CF-TI> 3/8"x3/3" punching
15 5 rdg¢ m.g. burst cal, .30 ATh2 5 CP-PTIF punchings
to Service velocity -7 mex. exit 9/16"x7/16"
19
20 5 rd, m.g. burst cal, .30 ATM2 5 CE-PTP punchings
tﬁ Service velocity ' max, exit 7/16%xi"
2

Cal. .50 ATM2 firings:

Trojectiles tipwed through 1/8" aluminum screen set
at 40°, 7'6" in: front of plate, then through seccnd screen
set at 0°, 3'in front of plate. ‘

25 165 2209%  FF

26 165 2197 Struck Rd., #1 CF-FTP
27 165 2203%  CF-CL Exit 13"x}"
a.b

*Bal.istic limits in diagonally opposite &reas of:.
plate - 2358 F/8, 2358 F/S,

# Bpllistic limit (cal, .50 APM2 projectile yawed)
about 2203,

]
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BALLISTIC DATA SHEET #12
Plate 556-1-2 - Breeze Corporgtlong treatment ; |
FaceeHéggened Cr-Mo-V ,-~?-~P—- o1ty 18" x18" : :
Plate ' , |
' Ra. Towder  Str, : ]
No. Charpe  Vel, N Results
pudelhonli. AU, vrT |
' 1 5 rd, m.g., burst cal, .30 pPM2 3 0F-PTP punching 9/16"x3" 1
to Service veloclty 2 Pr '
5 i
6 5 rd, m.g. burst cal, .30 APMe 4L PF Tfun. S,
to Service veloclty 1 CF Funching 3/&"x3/8"
10 Face spalls 1 3/8"x2", i
| - 13"x1 5/16". | :
Cal. .30 APM2 firlings: _ |
11 43.0 pl77a  PP-NB
12 W, o 2557  CF Funching 7/16"x3/8% ,
1 43.5 25272 OF Funching 3"x7/16" o
’ 1 4o 2512 FP-NB - i
15 4.5 o552 FP-NB : | .
16 MR.O 2592 PP-SB | t
Vel) 86620 CP-CIF Pun. S. B.D. 'I ‘
18 53.5(Hi,)2632b IF Stor crack F.S. 1"x3/4" .
, Vel. > , g
19 65,0 309k CP Tunching 7/16"xi" hit #15 A l
20 63.0 %0h”2 OF-DTF Funching 5/8"x5/8" hit #17 ?
21 - 00.0 2923 CP-PTP Punching 3/8"x:" FS 1"x1 1/8"
22 60.0 2917 CF-PTF Punching "x3"
23 60.0 2942 CE-PTP Funching 9/16"x3"
j Cal., .50 APM2 firings:
ﬁ Propéctiles tipped through 1/C" aluminum screen set at
/ Yoo, 7'6" in front of plate, then through a' gecond screen
] set at 0°, 3' in front of »nlate. '
| 4 "165,0 2196 PF-MB S
] 25 165,0 - 2201% CI-FETP exit 5/8"x5/8"
i 26 165.,0 2208 CF-FPTF Punching 1%xi"
i . .
1 : _
ﬂh 8.5.8a111stic 1imite on diagonally epvoelte ereas of plate 3
b 2502 F/S, 2647 F/S. C ‘ a
}. i . : ) , “'”\‘ i “ o ‘:
% % Balllstlc 1limit (Cal;‘.SO APME}projectileS‘yawe¢) 2199 F/S. ”f!
4t ! . ' : ) [ o ' . , ‘ e




BALLISTIC DATA BHEET #13

Flate H67-1-2 - Breezec Corporations treatment

Face Hardencd Cr-Mo-&f ——cemeeeoen 379 x1gx18"
Flate ‘
Rd, Powder Str, :
No. Charge  Vel, Results
Cal, .30 APM2 firings:
1 5L 265% CF-PTF Pun. 7/16" x 3"
2 53.0 2637 CF-FTID Pun, %/16"x3/8"
a 52,0 2592 CP-PTP Pun, 3/8"xi!
51,0 2537 CP-PTP Pun, 3/8"x[/16"
5 0,0 e472a CP-PTP Bun. 3/8"x3/a"
6 2,0 2392 PP-MB~CIP-BD
7 Lg,0 2U52a PP-MB-.CIP-BD
8 49,0 2427b CP-PTP Pun, 3/8"x3/8"
9 4g.0 240lb PP Pun, S,
10 10 rd, m,g. burst cal, .30 APM2 2 rds. tangent?/8"x3!
to Service velocity 3 rds, CP-PTP pun, 3"xi"
19 5 rde, CP-PTP pun. (/16"-
x 3/&". . ‘

Cal, .50 APM2 firings)

Prgaectiles tipped through 1/8" aluminum screen set at

Loe, 7'6" in front of plate, then through second screen
set at 0°, 3! in front of plate,

20 165 2211 OP-PTP exit 1 5/8"x2 -3/4"

21 165 220% CP-PTP exit 2 1/8"xo"

22 - 165 2197 OP-PTP exit 1 3/W'x1 778"
a,b |

*Ballistic limits in diagonally opwnosite areas of plate
plge F/8, 2419 F/S, |
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BALLISTIC DATA SHEET #1U

Plate 569~1-2 - Breeze Corporatlons treatment

Face Hardened Mn-Mo —-w--- L3g2"x18"x18"
Plate

Rd, Powder Str.

No.,  Charge Vel, Results

Cal, .30 APM2 firings:

43,0 2L6T7a GP-PTP pun. 3/8"xi"
4L2.0 2392 PP~NB
Lo.5 o305  PP-NB
k3,0 oli37 PP-NB
43,5 o5d2b  PP-Pun. S,
51.0$Hi.) 2512b CP-PTP Pun. 3/8"x7/16"
el. ,
10 rd., m.g. burst cal. +30 APM2 5 CP-PTP punchin$s.
0 Service velocliy Max., exit 3"xi"
6 ' o 3 CP-PTP punchings .
‘ Max, exit %“x7§16“

2 PP-Punc S.
Cal. .50 BPM2 firings: ‘
Projectiles tipped through 1/8" aluminum screen seb

at Loe, 7'6" in front of plate, then phrough second screen
set at 0°, 3' in front of plate, ' v

17 165.0 2209 OP-PTP exit 3"x3i!
18 165.0 2196 OP-exit 1"x3/16" backed by support.
19 165.0 2205 CP-PTP exit 2 7/8"xl 5&8" struck

: . ghot #12 and #14%,

a'b’Ballistic 1imite in diagonallyfopposite areas of ﬁlate
250 F/8, 2507 F/S, C
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. BALLISTIC DATA SHEET #15

Plate 570-1-2 - Breeze Corporations treatment

Face Hardened Ni-Mo —---———m—- 384"?18“x13"

Plate

Rd. Powder Str. Lo

No. Charge Vel, Resultsf

1 10 rd., m.g. burst cal, .30 APMZ2 5 CP-PTP Max. exlt
to Service veloolty Lx3/8"

10 3 CP~PTP Max, exlt

/16"}(3 8"
2 yawed Aimpacts

Cal. .30 AFM2 firings:

11 43.0 el12 PP-.8B-CIP-BD

12 . 2552 OP~PTP pun. +"x5/16%
1% Lz, 2500 CP-~PTP pun. 2/8“x7/16“
14 M3 ollopg  PP~0IP-BD

15 43. oligoa  CP~PTP pun. 5/16"x3/8"
15 43,0 euugb CP-PTP pun. 3/&"x3/8"
17 Lho,5 o4732b  PP-SB-CIP-BD

Cal., .50 APM2 firings:

Projectlles tipped through 1/8" aluminum screen set
at 4oo, 7'6" in front of plate, then through gecond screen

set at p°,3! .in front of platu.

14 165 ook OP-PTP B,S. 1 1/8"x3/4"
19 165 ‘2197 CP-PTP max. exit 3"x2"

b'Ballistic linits in diagonally opnosito areas of plate
2&42 F/S, 244 F/S

b




BALLISTIC DATA SHEET #16

Plate 571-1-2 — Breezec Corporations treatment

FPace Hardencd Ni-Mo-V —eeo--- 380"x18 " x 18" _ g
' |
d Plate |
Ra. Powder Str. ; !
, No, Charge Vel, Results % 5
1 10 rd. m.g. burst cal, .30 APM2 HKHCP-PIP pun, 3/&"x3/a"
to Service velocity 5CP-PTP 3 pun, :"'x7/14"
10 2 netalling

Cal. .30 APM2 firings:

11 ho 2llio PP-MB..CIP-BD ,

12 4o,5 ph62 PP-¥B-CIP-BD : : -

1% 43.0 ohdla PP..MB..CIP-BD , g

14 4h. o 25%28 CP-PTF pun, 3'"xH/16" s

15 44,0 2572 CT-PTP pun, 3/3"x7/16" ;

16 43,0 2&7: CF-PTP pun, 3/8"x3/8" 1
' 17 L2.0 2373 FP-.SB-CIP ;

18 Lok 2oy FP-MB-BD ;

| -~
' Cal.,B0 APMZ firings:
Projectiles tipped through 1/8" oluminum screen ‘ - l.

set at 40°, 7!'4" in front of plate, then through second
screen get at 0°, 3'in front of wnlate,

19 165 " 2201 CP-vrol. falled to yaw, :

20 165 2199% CP-L,B, 13" BC p o g

21 165 a1y CP-proj. failed to yaw, : o

22 165 220K% P,P.~LB 3/4" BC

a.b ! !

"Ballistic 1limits in diagohally onposite areas of the plate
2508 F/S, 24L7 F/S, : . -

| | % Bellletic 1imit (eal, .50 APMZ projectiles yawed) 2199 F/S,
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i
KEY TO ABBREVIATIONS f |
| ‘
Effects on Plate é |
; CP - Complete penetration 2
| PP - Partial penetration % )
| - cIPp - Core in plate . f
Pun S -~ Punching started ;
SB - Slight bulge on back . £
LB - Large bulge on back 5
MB - Medium bulge on back g -
NB - No bulge on back %
BB - Back spall 5
, l FS - Face spall . % ‘
¢ | FP - Face petalling , g
BP - Back petalling | f 'J
Inc,. = Indomplefe ‘ | C |
3C - Star crack . E
BC - - Back crack |
Effects on ProJectile
PTP - Pagsed thru plafe .
FPTP - Failed to pass thru plate B | “3 '
; ND - - Nose destroyed = A ;
;;‘ ‘ BN - Base destroyed - | “;‘ ﬁ
! NI~  Nose intact
.E | :  BI - Baﬂe‘intéct
-~§ Note: Unless othierwise specified the powder chergé Z;
?E o | ) was measured in grains. LA
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