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Report N, 710/U96.

‘Watertown Arsenal , “ Aprfl 15. 19&3
Problem B.ig U“ CLASS]F

ARMOR PLATE

Metallurgical Examination of Leminated Aluminum Alloy
Gormen Aircraft Armor from a Nesserschmitt MEFIOS Plane

" OBJEQT

WAS “%;Eg meke a metallurgical examination of ‘the subject armor,including

s

DRIC TAB
Unanunounced
Justification

a chemical analysis, hardness datermination, physical tests, and nicro-
scopic examination, gg;»»

SUMMARY OF R&SULTS

1. The armor section consisted of a lamination of thirty (30)
shuets of a high strengti aluminum alloy held together by bolte, The

judividual sheets were of .025 inches thickness, equivalent solid thick-
ness of the section being .735 inches.

2. The materi .. is similar in analysis to high strength alloys
used for aircraft skin coverings in this country., The ductility of the
material appears to be infevior to that of the domestic product.

e

P, V. Riffin
Assistant Uetallurgist

APPROVED:

H, H, ZO0RNIG
Colonel, Ordnance Dept.
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INTRODUCTION * '+ ¢ . , '
' Upon requestl of. the Office; Chief of Ordnance, an “armon sé§@ipn‘ . ;

“from & Gérmén'Meesen}éhmgg%hﬁg;iééifig%yeﬁwﬁigiﬂgiqgwas forverddd to
this arsenal from AYerdess PPoving! ‘Grgugggﬁgg}'ghgtialgmrgical axaﬁihétion.

.o~

The armor section consisted of numerous, thin sheets of aliiininum
‘alloy bolfied together to form a section approximately three uéfteré of
an inch (¥/4") in thickness, Thé section had been subjected ‘to ballistic
tests at The Proving Center with calibers .30 and..50 and 20 M ermor
piercing projectiles. The results of ballistic tests have not been for-
warded to this arsenal.

TEST PROCEDURE

Thickness measurements were made on each lamination. Sections were
cut from two of the sheats in both the longitudinal and transverse
directions for physical tests., OChemical analysis was also determined
on the same two sheets together with a mieroscopic examination,

RESULTS AND DISCUSSION

1, Visual Examination

'The gection was compoted of thirty (30) sheets of aluminum .
alloy, each sheet being ,024-,025 inches in thickness, The avérage
overall thickness was ,813 inches. The equivalent solid thickness '
(vased upon a calculation ,0245 x 30) would be ,735 inches. The sec~ S
tion was held toczether by a series of steel bolts around its circumfer-

ence.

No merkings were stamped on the section, Photographs of the
front, rear, and a side view showing the laminations appear as Figures
1, 2, and 3 respectively. The individual sheets were obviously blanked
out of an aluminum alloy sheet of & type probadbly used as a skin covering
in German aircraft construction.

2. Chemical Analysis 4

Results of the chemical analysis are as follows:

Sheet 1  Sheet 2
RS Y SR
H

. i R 5%
L

¥ & # . }u, ; N
“"Fe I EYP - .ggf:; , 51 .),l,o

-

» e a MR A
Y LSS BT
A

Tt

%i 81 51 .30
E?é ' ‘Cu 3.4h 3.53
2 e o
E; 41 (vy difference) 94,33 94,51 .

A

AR 4

1. 0.0, 350.05/2378, see Appendix A.
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. The - analyses are .quite comparable: to' thoge: of high strength
aluminum alloy eheet materials ‘used 4n.this country such ae: the 17ST
.and euST types. .The analysis most resembles that. of the l7ST alloy.

Su The iron content is probably an 1mpurity.

e UNCLASSIFIED

The average Superficial. Rockwell ‘hardness using. a 30 N load is
64, fThis_value converts to a Brinell hardness 6f 112, which 18 com-
parable to the usual hardness values of l7ST or 24sT alloys.

¢ oe P at

4, Phyaical,Tests g

Physical test values on sheets 1 -and 2 were determined 1n both
the longitudinal and:transverse directions as follows:

(Specimen Size - 1" wide x 2" geuge.)
Sheet 1 ] Sheet 2

Tensile Strength ) Tensile Strength °

_“Pounds/Sc. In.. % Elong. _Pounds/Sq. In. % Zlong.
Longitudinah 55,200 8.5* 554500 12.0%
Transverse 38,000 1.5% 48,000 4,5

i *Broke outside gage harkers.

The tensile test values are eseentially equivalent to those
. obtained on the 17S8T type of alloy. but, on the other hand, the ductility
characteristice appear to be infdrior, eepecially in the transverse
direction, These elongation results must not be considered an accurate
méadire of the ductility, since the specimens fractured at the end of
the gauge length in every case,

5. Microstrugture

A typical field ahowing the microstructure at X100 apbeara
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JThe 1nte§metalllc compounds v131blp are of two ‘types and have

a sllghtly blui%h tinﬁ.z according to the procedure of Dlx and Keller,2
thesé: compounds are. identified*as follows._

CE b se - Al-Cu<Fe-Mn'
’ é 91’,,9 5& ﬁ mlase - Cu Al,

Microscoyic examinatiqnxnavaaled;a’uniform’structure.With‘small amounts
of impurities present.. t
High physical propertias are obtained in such alloys by a
precipitation hardening process. The material is heated.after final
“y rolling to a temperature of approximately 925°F and then quenched in
7 water. This constitutes thé solution heat treatment, Subsequently the
material will harden with timé by the precipitation of intérmetallic
compounds. In these samples the size of the intermetallic compounds is
comparatively large; indicating that the mstarial was probodly arti-~
ficially aged at some temperature such as 225°F.

6. General Consideratiouns

_ From the shape of the armor section, it is concluded that the
material as installed in tha aircraft was uséd for the purpose of pro-
tecting the instrument panel .and pilot and was mounted forward-and:above

the back side of the instrument panel (notice the numerous cutounts a8
shown in Figure 1), .

‘ Such a material would have poor ballistic wro;erties .at neahr-
normal impact. Under high obliquity irpact or under impact of yawed
projeétileés, however its performence would probably be- equivalent or
better than steel of conparable weight, The. reason for using the -g2reat,

; nuiber of thin sheets is not known, but it is felt that this. was prcbably‘

' an expedienty, It is probable that this section was added to the orig iné}
design as additional protection and the simple.solution consiste&gof
forning the section from multiple sheets of an aluminum alloy available
in the aircraft factory. '

2. B. H., Dix and F, Keller, "Etching Aluninum for Metalléhraphic
Exemination®, Metals Handbook, 1939 Edition, Pages 1290-1294.
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CORY

 WAR DEPARTMINT
OFFICE OF THE CHISF OF ORDNANCE
WASKINGTON

) . Peterson/mks
Décember 10, 1942

0.0, 350,05/2378
SPOTB -~ Intel. :

386.3/150
Subject: Transfer of Foreign Ordnance Materiél

To: The Direétor
The Proving Center
Abardeen Proving Ground, Md.

Attn,: Mejor C. B, Speir '
Foreign Materiel Section

1, It is requested taat item PMPL-12, Plate, Armor, head plage
from back of seat in lacchi-202 Plong be subjectsd to standard ballis-
tic tests and when this is completed the arzor should be sent to
Watertown Arsenal for complete métallurgical aunslysis, This has been
requested by the Alrcraft Armament Development Branch,

2. It is also requested that photographs be taken of itenms
MMIS0~29 Vision block for tank and item MBIISC-30 Vision glass from
Mk, IV Tank, It is also requested that dimensional drawings be made of
these two iteme,

3. This will confirm order given over the telephone to ship one
piece of the armor plate from the Mk III Tark to Battelle Imstitute,
Columbus, Ohio, for metallurgical examination,

By Order of the Chief of Ordnance:

/8/ X. B. Peterson
for B, S. Devis
Capt,, Ord. Dept.
Agsgistant

COPY
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Behrens/psc

. December 17, 1932

Mejor G. B. Speir, Foreign Materiel Branch

Mr. Harry J. Rouse, Armor Plate Section thru Colonel G. G, 3ddy
Test of Foreign Armor Plate

1, In accordanca with the attached letter, it is requested that
item IMPL-12 mentioned therein be subjected to standard ballistic tests

and that twenty copies of the report on such tests be submitted to the
Foreign Materiel Branch,

2. Preceding the bdallistic tests, it is requested that a general
photograph of the plate be token,

3. Following these teets and as soon as sufficient dato nas been
accumulated to complete the report, it is requested that the plate be
shipped, as quickly &8s possible, to Watertown Areenal for metallurgical
analysis and that this analysis be included with the report.

4, Work Order No, 327-3 may be used in connection with the test
on this item,

¥

5. The plate is at present in the possession of the Forelgn
Materiel Branch and is inmmediately availadble.

G. 3, SPEIR
Major, Ord. Dept.
20 Foreign Materiel Brench
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COPY

. WAR DEPARTMENT
The Proving Center
ABERDEEN PROVING GROUND

Armor Platé Branch
Fisher/mhc
January 13, 1943

386.3/172
Subject: Foreign ﬁaterials

To: The Commanding Officer
Watertown Arsenal
Watertown, Massachusetts

Attention: Capt. N. A, Matthews

1. A section of Italian armor plate and a seotion of Germen armor
upon which have been conducted firing tests by the Armor Plate Branch of
this office are being forwarded to you under separate cover, shipping
order 9660,

2. In accordance with the attached letters, it is requested that
a metallurgical analysis be made of these plates and that information so
obtained be furnished to this office, Cta

For the Commanding Generaly"
| /8] M. J. Zweig
Capt., Ord. Dept.

(6. G. EDDY
for{Col., Ord. Dept.
2 Inclosures (Assistant
Copy of Memo., Dec. 17, 1942
Copy of Ltr., 0.0., Dec. 10, 1942
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