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WATERTOWN ARSINAL LABORATORY

Authorized by: ORDTB-Materiale 2L August 1949
00 Sub-Project Mo.: Bu-150M

Report No.: 710/908

SPriority: 16

Titls of Q0 Sub-Froject: Comparative Bvaluation of Armor for Protection
hAgaingt 57 mm and 90 mm Armor-Plercing
Awmuni tlon

WAL Project Ho,: £,19¢

Iy
Ketallurgtoal Nzsmingtion nf 2% 2.1/08 gnd 3% Rolled

Homogeneous Armor Moploved in the Fallistic Myslumtion of Armor
Againut H7 mm wnd 9C wm Armor-Pleroing Prodsctiles

GBI BCT

To deterwine fho metallurglesl propeviiss of rolled “omogeneous armor
plates of warluviae hardnessees snd tbhicknsssen which were samployed in the
investigation of the performunce of armor againat 57 mm and 90 mm armor-
plercing projectiles.

BHHARY

A metallurgical examinavion including Briaweil hardness surveys, frac-
ture tssts for fibro and soundness, and V-ne¢ch Charpy impact testy were made
on 2%, 2-1/2%, wnd 3" thick rolled homogensous srmor., The plates wers heat
treated at Watertown Arsenal %o hardnesses in the renge of 280-400 Brinell
and were balliatically testsd at Aberdeen Proving Ground in order to determine
the effuct of thicknese, hardness, and obliquity on the dallistic efficlency
of rolled homogensous armor sgainmt attack by 57 mm and 90 mm armor-plercing
projectiles,

Gross-eectional Frinell hardness tests havo beon made on each plate and
averaged for use in correlating the regults of ballistic tests with hardnmess.
At the spame time, the soundness and toughness of the plates have been aval-
uated and found to possess adequats metallurglcal properties commenaurats with
their hardnsases,

CONCLUSIONS

1. The results of gurface hardness determinations made at Aberdeen
Proving Ground end c¢rome-sectional hardness surveys nade at Watertcwn Arsenal
are linted in Table IV. Ths great majority of the plates were heat treated
to within 20 polrnts Brinell of the desired hardnasses,




2. 8teel scundness fracture teests chowed that all plates, with dut
one exception, are of acceptable gocundness according to the rsquirements
of U. 8. Army Specificetiom No. 57-~115-11, Amendment 2. Flate No, 3-6,
having & D-2 stoel soundness rating, is horderline rejectable mccording
to the above specification,

3. Botched-bar impact tests conductied on & selected numbar of plates
indicated that the armor responded properly to heat tresatment, All plates
tested met the notched-bar impact requirements of U.5, Army Spscification
Ne. 57-115-11, Amendment 2,
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INTRODUCTS ON

A motallurgical sxaminstion has teen conducted on 2%, 2-1/2%, snd 3*
thick araor plates which hed been homt trested at the Watertown Arssnal
and ballistically teeted at Aberdecn Previmg Ground under 0.0, Sub-Project
"B4~-150M, “Compurative MBvaiuation of Armor for Protection Against 57 mm
end 90 mx Armor-Plercing Awmunition, ®

At the request of thig Lrnon&llu Arevidesn Proving Ground provided
8% x 12% sections cnt from a corner of each plute after the complstion of
the ballistic testing. "The post-ballietic examination of the plates wee
initiated to evaluste ths metallurgical properties of the wmibjlect armur
in order to eptablish accurate data for the vorrelation of their netml-
lurgical and ballistic properties, When all of the phawnes have besn com-
pleted a final report will he written covering beth the metallurgical and
ballisztic resulte.

A summary of the ballistic results obtained from the testing of the
subject plates ig listed Lv Table Il to amcquaint the reader with the bal-
listic properties of the armer, This summary was taken from Aberdeen
Proving Giroand Report No. AD-111%5, "Report on Test 1o Assess the Perform-
ance of Various Types of Armor Against 57 mm and Y0 mm Armor-Plerciag
Avmunition to Previde Armored Vaealicle Design Data.®

MATERIALS AND TRST PROCEIURE

The plates used in this investigation were of the following compo-
~itlone:

Yhicknags of Plate Chomical Analyels
L L3 ¥i Sz Mo
2w N s B BN .05 .55 o 1l
2-1/2% .29 1,84 .05 -~ .51
3® 29 1.4 .72 .75 §'1

Yhe identification and sizes of the baillstic teat plates are as
followes

JTlste Ro, Thickness _Bizo
2-1 to 2-10 2 51% x 52
25-1 %o 2516 2-1/2" RO" x 52*
3-1 to 3-27 ana

33k 3® 54% x 68

Letter file WIN 400,112/4969, dated 12 Jawmary 1949, Appendix A,
Date taken frem APG repori No. AD-1115,
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Prior to heat tresting thoe ballistic teat plates, a series of pre-
Jlainary heat troatments had besn conducted on relatively umall coupons
{3 %0 % sq. £%. in area) cut from some of the sxcess 2%, 2-1/2% and 3*
thick plates, after thes preper heat-treating cycles had been satisfac-
torlly determinsd ec that 1%t was poasibles to ocbtain desired hardnseses
in the range of 280-400 Brinell, the ballistic test plates were heat
treated mnd shipped to Aberdeen roving QGround, Details of the heat-

treating cyclee ars given in Tabdls I, ®

After the bullistic testing was completed, 8" x 12% ssctions were
flama-cut from the corners of the plates and were shipped to Watertown
Araenal for metallurgical examination,

The metallurgical esxamination of theses plates consiated of the fol-
lowing testa:

8., Cross-sectional BFrinell hardrsss surveys on all plates,
b, B8teel scundnessz and fibre fracture tests on all plates,
¢, Y-notch Charpy impact testa st --LO® ¥. on amelected plates,

DATA AND DISCUSSION

Fracture Toste

The &" x 12" gamples received from Aberdsen Proving Ground were
notched by flame-cutting in from the middle of the two long sides leaving
a cross-gection approximately T x T* in aree to be fractursd, Fhe 2%
thick suuples were fractured by impact under a forge hammer while the
2~1/E“ and 3" thick semples were broken by & falling welght mechanigm.
The fractured surfaces of all samples were rated both for fibre and steel
soundueas; the steel geundnowss ratings being made only in those cases
wheres the fractures wers completely fibrovs. 1. ls mot possible t»
obtaln an ascrrute steel soundness reting cn completely or partially
brittle (cryetailine) fractures bscause the lemirations de not open up
when the fracture proceeds with low snergy absorption as ie the case in
brittle fracture,

The results of the fibre and stesl soundness ratings sre given in
Tabls II1. As abowr by the results of the fracture test for siesl sound-
ness, the steels used for the smbject plates are of acceptable scundnese
under the reguiremsnts of U, §. Army Specificetion He. 57-115-11, Lmend-
ment 2, with the exception of Plete Ko, 3-6, The 12 steel rouadness
rating of thise plale le considerea buscerline rsjectndles,

Tne 2% thick platee showed essentie’ly fibreus fractures up to hard-
nevuss of sporoximstely 310 Briaell while at highsr hardnessos the frac-
turss of tbe 2* thick platas shoved luncressiang smounis of cryetallinity.

® % = thickness




The 2-1/2* and 3" thick plates showed emsentially fibrous frasctures up te
hardnesses of approximately 360 Brineil, The plates having hardneswes in
the range of 360-%00 Brinell have more or lwess completoly crystalline
fractures (low toughness) which is to be eaxpected &% this high hardnese

range.
Brinell Hardneas Surveys

A elice war out from sach fracture specimen, Three Brinell impres-
siong were taken on a crous waction of the 2-inch sarples and five Arinell
impressions were taken on & cross-section of the 2-1/3" sud %" thick
samples, The results of thes hardness gurvey are given in Table XV. The
hardnessez at the center of tha smxples are, in genersl, somevhat lower
than the surface hardnessos; the greateat variation cocurring in plates
2-6, 2-8, 2-9, 255 and 25-6 which exhibit m difference of about 30 to 4O
points Briasll., The difference between the aim haridmeses and the actusl
hardness of individwel plates iy swfficieat to reguire individusl plate
hardness in correlating hardness and baliistic resulte. In most cases,
however, the averugw oi0db~a&eciituai hardnersen »f the piatee were within
20 pointwe Brinell of the aim hardmnennes,

The sarface hardness of the plates had been moasured at Adberdeen
Proving Greund by meana of a portable frinell temter,6 reference APG Rsport
AL-111%5, Appenmdix B. 7The portmble Brinell tsner dcse not, however, yleld
results as relisble as those obtained bty the wtands d Brinell machine, in
additicn to which surface hardness readings may often de in error dne to
mrface docarburigation, Since the ballistlc performsnce of armer {3 in-
fluenced by hardness, and simce projestiles, in penetrating srmor pass
complately through the thickness of the plats, it is helicved that the
averags crose-sectional hardness of the arwor shovld be employed whea at-
tempting to correiate ths ballistic and mechanical properties of armer,
Table IV presenta data covering the surface hardnesa tests condactsd at
Abordesn Proving Ground and the cross-sectional hardness tests conducted
at the Watertown Arcenml. It is recommsnded that the latter hardnses
vaiues be used in assessing the dallistic perfermance of rolled homo-
goneoouns armor an a fanction of hardness,

V-flotch Charpy Imvact Teats

Notched--bar impact tests were conductuod on samplss cut from the
center of the cress-section of selected plates of various thicknessen and
hardnesses, Yhe tests vere conducted at -40° . in sccordance with ithe
impact test requirements of U, 8, Avmy Spe~ifi-nuior No. H7-115-11.
Amendment 2, and (he results ars prevented in Table VI, Table VI also

includes ths results of Bockwell C hardnerg tests cenducted en the Charpy
impact fest specimen, thet couversion of the Bc hardnessys to Brinell, ths

pertinent impact esergy requirements of ithe above specification, mnd the
rotinge of the fractarce of ithe impact test specimens.
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The resulites of the V-noteh Charpy impact tests indicate an acoapt-
able regpense %o heat treatment in these plates. Rated in sccordance
with Table IV of U, B. Army 8pecification Fo. 57-115«11, Amendment 2,
for rolled homogoneous steel armor piate, all of the sanples excseded
the minimum specification requiresents. The low impact values obtained
on the samples in the hardress range of 360-U00 Brinell are consistent
with the results of the fibre fracture iest in which the materials
fracturel 1a & brittle manner, Eowever, it should be noted that the
energy values for these high hardness plates excesded the specification
values required for lighter gage plate of thess hardnesrzes.

GINERAL CONSIDEHATIONS

The subject armor wss found to be of acceptadble metallurgical
qualicy excspt for one plats of borderline rejectable stesl soundness,
If this one plate did not back-spall bscaunse of poor soundness during
ballistic testing, 1t may be concluded that the bdallistic properties
of all the subject armor plates accurately reflect the brilistic per-
formance of good qualiity armor of the variouns thicknesses and hardnesses
euployed for tho investigatior being undertaken under 0.0, Sub-Projsct
TBL-350M,
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TABLE I

LA

Heat Treatment of 2", 2-1/2%. and 3" Lrmor

Alm
Plate Hurdnosass Austenitizing Cool- Tempering Cool-
Ko, BHE Temp,°F, Time (hrs,) ant Temp.®F, fTime (hrs.)* ant
2-1
2-2
2-3 320 1650 2 2,0 1100 2 H,0
2-Y4
2-5
2-6
2-7
-8 360 1650 2 H,0 1000 2 H,0
2-10
25-1
252
25-3 320 1650 2 K 0 1100 2-1/2 B0
25-1 2
25-5
25-6
5-7
258 360 1650 2 H_ O 1000 2-1/n B,0
25-9 2
25-10
25-11
25-12 320 1650 2 B,0 1100 2-1/2 B0
25-13
25-1)4
25-1 360 1650 2 H.0 1000 2-1/y B O
26-1 2 o

* All pletes charged into hot furnsces sxcept as noted
by ** and held in furnaces for toildal itime indlcated.




TABLE I (cont.)

Heat Tresiment of 2" 2-1/2" and 3" Armor

Aim
Plate Hardnesa Austenlitizin Cool- ggggpring Cool-
Ho, BHN Temp,°Y, Time (hrs.) ant “emp.°F, Time (hrs,)* ant

3-1
32
33
31 280 1650 2 BO 1125 yx H,0
5
3-6
31

3-8
9

3-10 _

3-11 320 1650 2 B0 1100 a1/2 H,0
312

13

314

3-15

3-16

3-17 360 1650 2 H_ O 1000 2-1/2 H,0
3-18 2
319

320

321 )

3-22 400 1650 2 E O 900 2-1/2 2,0

323

3-24

325 280 1£50 2 B,0 1125 yre 1,0

3-26 320 1650 2 E,0 1100 2-1/2 Hx0

=21 360 1650 2 H.0 1000 2-1/2 H,0

334 My L1650 2 320 300 2-1/2 Hzo
*% Plates charged inte celd furnace, tims represents total time

plate wans at tewmpering heat, Plates required approximatsly
& hra, to resch temperiag tewmperaturae,



TABLE 11

Ballistic Rewults of 2% 2-1/2% and 3* Armor
Aganinat 5] mm and 90 mm Projestiles

Low B, L **
Plate Thicknees Obliquity Brinell Army Projectile
Ho, Inches Degrees  Eardnesa® f£1/mac Oondl tion®**
Tests Agsinet 57 mm APC M86 Projectiles
2-2 2.01 50 285 2526 1
2-Y 2.03 50 315 2616 I
2-5 2.01 50 277 2450 1
2-6 2.02 50 328 2483 X
2-8 2.01 50 3% 2473 I
25-3 2.h9 50 321 2696 HP I
253 2.49 45 32 2605 Ba 1
25-b 2.54 45 331 2692 HP 8
25-1 2,48 40 327 2558 1
25-2 2.49 40 321 2590 I
25-6 2.5k 40 331 256% 8
25-9 2.53 4o 3 2580 I
25-13 2.53 W0 309 2426 1
251 2.52 4O 331 Hel S
37 3.02 40 300 2735 HP 1 |
319 3.03 40 363 2179 BP 8
2% 103 o) 191 2718 s
. - Ave.age urcee ssction hardness obtalned at Watertown

Arsenml ms result of subject investigaiion.

»® _ Low Balliastic Limit is the mean between the lowest completls
penetration and the highest partial psneiration balow this
complete. Three partiasl penetrations within 50 f£i/sec helow
the low complate penetration were obtained to cunfirm thie
value,

*2% .. 1 = Intact
8§ = Bhattered.

HE High Partial Penetratior, balilstic limit above musele
velocity of gan.




TABLE YI (cont.)

Bulliatic Rewaltm of 29 2-1/2% snd 3 drmor
Agadned 57w and 90 swm Prodecillen

Low B,I, **

Plats  Thicknass  Obliquity Brinell Army Projoctile
No, lnchey Degrooy Herdnosg” £4/nec Condd tionmes
Toste Against S0 ma APC MB6 Projectiles (cont, )

3 3,02 35 288 2679
37 ¥, 02 35 300 02
-8 3.0k 3% 35 2779 RP
3-11 2,97 1% pLi 2688
el 6 3,01 15 363 2812 P
3-19 3,03 3% 363 2718
F 20 3.02 3% b2 2592

B 2 3,00 15 301 263y
326 3.01 k) 31 2707
3-at 3.02 35 363 2737

2 U5 U8 1B UL < 2 2 3t

I-is 3,00 0 283 2304
Feef 3,02 30 it 2385
-8 2,04 30 319 2426
B2 L 2.97 30 304 e&uﬂ 1
314 3,00 30 36 2609 8
%15 3,00 30 X6 2697 8
320 3,02 30 391 2k 8
I8 3,03 30 388 2515 s
B P 3.01 E00] 711 2hbg X

30 363 2607 8

s ot

=

!
i
3
!

3.0e

Tepte Acalnst 57 pm AP MTO Prodectiles

XS 2,02 50 302 2357 )
&3 2,02 B0 05 2407 A
a7 2.01 50 358 2308 8
2-4 2.02 50 NG 2159 8
2-10 2.01 B0 32k 2206 §

48 50 b 2613 5
50 50 T a1y B
.50 50 36% 2603 8
52 50 361 2595 s

37 2239 B
312 2254 8
363 226k 8
339 2227 8

EEEE

N




TARLE I (sont.)

Ballistic Besalte of 2% 2-3/2% and 3" Armor

Againgt 5] »m snd 90 mm Yrojectiles

Low B.L. **

Flate Thickness Obliguiiy Brinelli Army Projectile
Jo, Inchesg Degrses Hardneas® £t/ woc Qondition?n®
Teats Agminst 57 mm AP M]0 Projectiles {cont.)

-1 %,0% 50 o88 2963 HF 8
3-10 3,00 40 297 2888 )
3-17 3.03 30 385 2581 3
321 3.02 30 388 2583 8
325 3,02 yo 295 3003 HP s
3-26 3.01 40 311 2951 HP 8
3-27 5,02 ¥0 368 2702 8
3-34 3.00 10 M12 256 8
3-1 3.03 35 288 2866 8
3-4 3.00 15 283 288k s
3-10 3.00 35 297 2647 8
311 2.97 35 304 2746 8
3-18 3,03 35 370 2479 S
3-19 3.03 35 363 2511 8
3-21 3.02 35 388 2525 8
»23 3,00 35 388 2466 8
31 3.0% 30 282 2054 ]
3-4 3.00 30 283 2764 8
3-8 3,04 30 319 2651 8
3-12 2.98 30 308 2524 5
3-18 3.03 30 370 2ub3 s
19 3.03 30 13 2480 8
321 3.02 30 348 2443 8
3-23 3.00 30 388 2333 8
3-25 3.02 30 255 2757 3
3-26 3.01 30 311 2699 8
-3 3,00 30 w2 2334 8
Tepta Againet 90 mm APC T39 Frojectiloes

3-2 3,01 55 290 2638 8
3-3 3.00 595 300 2639 3
35 3.0l 55 295 2709 8
9 3.02 55 309 2538 8
311 3,00 55 306 2494 8
31k 3,00 55 329 229 8




TABLE III

Regults of Fracture Tegts for Filbre and 3teel Soundnesw

Avarage
Plate Orcaes-liactional
No, HEardnoss — BHN Tibre Hating Steel Soundness Rating
2-1 e s 10 B-woody
&2 285 Y B
2-% 305 Yo trece ¢
2-4 3.5 ¥c 40 Indeterminaie
2-5 211 Fec 20 C-woody
2-6 328 Fe %0 Indeterminate
-7 318 Fe 80 Indetorninate
-8 331 Cfe Indetorninate
2-9 325 Fc 50 C-woody
2-10 32k Yo 80 Indeterninats
25~1 327 T 6
26-2 323 ¥ B
25~3 Ja ¥ ¢
254 n7 ¥ ¢
25-5 312 ] o
256 3 ) B-1
251 363 ) b1
258 3161 ) § D-1 ;
29 L ) 0 i
26-10 339 ¥ ¢ J
25-11 335 ¥ 0
2512 300 ¥ ¢
25-13 309 ¥ Q
25~1% 331 Yo 50 Indetorminate
#~1 370 Ote Indeterminate
25-1 363 Yo 5C Indeterninate
31 288 r G
B 50 ¥ 4]
3 300 ¥ B
4 283 ) 4 B
5 295 ¥ ¢
<4
!
- R . N v




TARLY 11X {cont,)

Resulte of Fracture Tssts for Flbre snd Steal Houndnoss

Avarage
Plate Oross-Nectional
Foo. Hardnesg — EHN Fibre Rating Steel Soundnoss Bajing
36 268 r ™2
Z- 300 ¥y B
3-8 319 r .
39 309 ¥ ¢
310 297 ¥ 0
31l 304 » B
1-12 308 ¥ B
313 306 ¥ B
3-1h 329 ) B
315 363 Pe trace R
3-16 363 Pe trace
3~17 335 ofe (D) Indeterminate
318 370 cfe (D) Indetersinste
3-19 361 cfe (D) Indeterminste
-0 391 Ofe Indeterminate
a1 388 Cfe Indeterminste
}-22 388 0fe Indeterminsto
323 388 Cfe Indeterminuts
3-2k% 392 Ofe Indetsrminate
25 29% ¥ B
3-26 313 y B ‘
3-27 363 ofe Indetarminate
334 Wz ¢ Indeterainate
¥ - ¥Flbrous
¢ - Crystalline

Po - Mized fibrous and cryetalline

(fe - Uryetalline cenver and fibrous edge

D - Dull crysinlline

Hombers after fracturs rating refar to peéer cent
5] fracture srea which 1s orystallins,

i

R - T
i o
Hiwi . nst

© umpRas

g ) !

T . N - +
e o o :
S P .
R e e D i el o e ame

e U L




TAXLR IV

Brinell Hardnessss Odtalned or Croas~-8sction of Fracture Blocks
Adm Brinell Hardne
Plats Bardness 3/8Y below 3/4" below Jonter og §75l Yelow 3787 Below

Ro, . D&M gnrface surfecs Cross-Section _surface surface
2-1 320 302 —— 302 —— 302
2-2 320 285 e 285 ——— 285
23 320 302 - Rz —— 312
2k 380 321 . %02 e 32
2-5 320 293 - 269 —— 269
2-6 360 3ul - w2 — 3l
2-7 360 342 — 33 e 341
2-8 360 3l — 711 o 341
2-9 360 331 - 302 e 341
216 360 331 - 321 - 321
25-1 320 3 331 32 N 331
25-2 320 32 321 YAl 381 32
25-3 30 323 321 381 12 321
25-4 320 32 324 368 321 32
-5 30 321 311 28% 32 32
25-6 360 3N 3 302 341 3
2517 360 303 303 363 3 33
25-8 360 I52 363 363 363 363
259 360 1 oM Jul 3 3l
210 360 m e 34 N i1 V)
25-11 o N 331 33 3a1 3
%12 320 j02 08 308 293 302
-1 30 nl 711 02 1ni 311
S E B P OB OB OB
25-16 360 363 Jo3 363 363 323
1 2%0 283 293 283 293 285
3-2 200 302 285 26% o8% 253
3o 250 302 302 e 32 295
3-! 260 293 285 269 283 ag
5 280 265 02 302 302 2
3-8 280 85 293 302 e 293
31 280 To2 J02 233 yop 2




TABLE 1V (cont.)

Brinell Hardnesseés Obtzined on Cross-Soction of Fracture Blocks

Alm Brinell Hardness
Plate Ha.dness 3/8% below 3/4% below  Centar of  3/L¥ belew 3/8% below
No. BAN surface surface Crose-Section _ surface surface
3-8 320 321 321 311 323 321
3-9 320 311 311 302 311 311
3-10 320 302 293 285 302 302
3-11 320 302 302 311 302 302
312 320 302 302 302 321 311
3-13% 320 285 302 321 321 302
31k 320 331 3ud 35 321 321
315 360 363 363 363 363 363
3-16 360 363 363 363 363 363
1-17 360 375 388 388 388 388
3-18 360 363 375 375 375 363
3-19 360 363 363 363 363 363
3-20 400 188 388 400 388 388
3-21 300 188 388 188 388 388
3-22 400 388 388 388 388 388
3-23 400 388 388 388 388 388
3-24 oo 388 388 401 388 388
325 280 293 293 302 293 293
3-26 320 302 311 321 311 311
327 360 363 363 363 363 363
3-3y4 {00 415 §15 K15 115 401




TARLE V

Regulte of Hardness Surveys at
Aberdeen Proving Ground end at Watertown Arsonal

Average Average
Surface Hardness Cross-8ectionsl
Determined by Hardnees Determined
FPlate Aim Hardness APG by Watertown Ardesal
Ko, BHN (Portable 3EN)* N
2-1 320 328 3jc2
&=2 320 315 285
2-3 320 308 305
-4 320 309 315
2-5 320 317 277
2-6 360 339 328
-7 360 32k 338
2-8 360 360 331
2-9 300 333 325
2-10 360 345 32k
25-1 320 328 3127
25-2 320 326 323
25-3 320 325 321
254 320 325 317
25-5 320 24 312
25-6 360 3l in
25-7 360 343 363
25-8 360 347 361
-9 360 3u7 34
25-10 360 0 339
25-11 320 326 335
25-12 320 110 300
25-13 320 306 309
25-1k 360 320 331
25-15 360 349 370
25-16 360 353 363

* Dats from AFG Raport He, AD-1115,




TABLE V (zon%.)

Resuits of Hardness Surveys at
Aberdeen Proving Grourd and at Watertown Argengl

Averago Average
Burfsce Hardness Crosa-Sectional
Determined by Hardness Determined

Plate Aim Hardnesos AFG by Wavertown Arsenal
¥o, BHY (Portable HEN)* BHN
3-1 280 289 288
3-2 280 288 290
3 250 o8B 300
34 280 302 283
5 280 296 295
3~6 280 304 288
37 280 297 300
3-8 320 323 n9y
3-9 320 320 309
310 J20 315 297
3-11 320 I3y 301
312 320 316 308
313 320 315 306
314 3=0 ‘318 329
315 350 359 363
316 360 351 363
3-17 360 357 385
5-18 360 355 370
3-19 360 372 363
320 40O 387 391
3-21 400 385 328
322 400 388 388
3-23 400 365 328
324 400 3188 131
3125 280 283 9%
326 320 320 314
3-27 360 326 363
3= B0 105 K12




TAELRE VI

Regultn of V-¥otch Charpy Impact Testa

Rooxwall®
Average dverage Hardness on Minimam**
Plate Bardnesas Charpy Bars impact Fractorasss

Plate Hardness on Oharpy Ooaverted %o impact Duergy Required Rating
¥o, BHY _Bar Re BHY £1-1bg £4-1bs _ $ Fidrous
252 321 35 337 35.6 20 Fe 20
25-5 L2 33 319 u8.5 2h do N
25-6 33 33 314 28,1 24 ¥a 50
25-1 363 39 375 16.6 ik ¥o 55
25-15 370 39 75 16.9 14 Pao 230
3-1 288 28 278 54,1 35 ¥

4 283 27 21 60.7 35 Y

}J 39 31 302 1.7 27 To 10
3-10 297 2 2%6 53.0 15 ¥

315 1363 39 375 14,3 1% Fo €5
317 385 w 394 13.3 12 Fo 85
3-20 %1 42 uo% 13.6 12 Yo 90
-1 388 ¥l 194 14.% 12 Fo 8%
3-3h 2 W3 B15 13,0 12 Fao 90

* - Qonversivn from Ordnsuce Imspeoiien Handbook on Hetalw,

dnted 25 July 1947.
s= . U,8, hAray Specifioation 57~11%5-11, Amend, 2, dsted 1% Nov 19K5,
be2 . Mized fracitore; mumber refecs %o per cent crysiwlline,
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COPY - 24 sugust 1949 - abk

Yar Department BRCORD
VATERTOWN LHSENAL
Vatertown 72, Mass, MRurlieh/gt/537

WOE No. 400.112/4969

Attn; Laboratery
12 Jenvary 1949

SUBJRCT: Hardness Tests on Armor Tested Under 0.0. Project TBY4-1KOM

TO: Commanding General
Aberdesen Proving Groumd
Aberdeen, Maryland

ATTH: Armor Branch, Mr. H. Rouse

1. It ie requested that yovr smtation provide this Arsenal with one
12% x 8" zsction of plats flame-~ut from & corner of each of ths ballistic
test piates which have neen employed for the testing acheduled under 0.0.
md-Project TBY. 150K,

2. Cross--sectional Brinell bhardness tssts and othor metallurgical
teats conpldered degirable wili bs perfornad on these sections in order
to sccummlute meitallurgical data for correlation with the ballistic fest
romlts belng obtained a% your station., These dafa will be forwarded to
your gtation for inclusien in the reports on the wubject progranm,

POR THE COMMANDING OFFICHER:
(s/t) J. L. MARTIN

Assistant
GC: OCO, OBDPB - Natilse
APG Y70 .5/Y
ATTH:  ORIBG-DED RBOORD
Wen %00, 112/u969 1st Ind Cresmer/hlc/5192

Ord Dept, Devslopmept & Proof Services, Aberdssn Proving OGround, Maryland,
28 Jarmumry 194%

T0s Commanding Officer, Watertown Arsenal, Watertown 72, Massachusetts
ATTH: lIsboratory

A 12%xB® corner section fros esch of the twenty-sevem 3I% aslxtesn
>1/2%, and ten ?® homogensvus stesl platss deing tosied uvnder FProject

TBL-1K0M ~ms ahippsd Lo your Arsenal 26 Jannary 19k9.
FOE THE COMMANDING OMERHAL:
{a) W. M. Tisdale,K Lt Col, Ord Dept
(%) for 7. 7. COLXRAN
Director
Development & Proof Bervices

e

[rm——



