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Problem No. B-3.4 

AR1I0R PLAIE 

Metallurgical Examination of German Aircraft Armor 

from Heinkel III and Junkers 8J Planes 

\ 
OBJECT i j 

-o conduct a metallurgical examination of ei'ht sections of 

German Aircraft Armor from Neir.kel III and Junkers 87 planes. 

SUM!¿7’Y OF RESULTS 

The armor plates examined v'ere com-nosed of approximately .45^ 

carbon steels containing wide variations in alloy content; specifically 

Cr-Mo-V, Si-Cr-Mo, Mn-Si, and Si-Cr-V types were used. The plates were 

made from good duality steel (except for ulates 1A, IB, 4, and 10a) heat 
treated to hardnesses ranging from 388-514 BrineH» As shown by the 

fracture test, the impact resistance of the plates from the JU87 plane 
and some of the plates from the Heinkel planes was inferior to that ob¬ 

tained in good quality American aircraft armor of the thickness 

employed (^-8 mm.). This agrees with the ballistic results in which it 
vras found that the plates exhibited hi di resistance to penetration but 

inferior resistance to shock. / 

Although only a limited amount of information is available from 

this and previous investigations of German armor examined in 1941 and 

1942, it is apparent that there has been a definite trend by German 
armor manufacturers toward the use of the less strategic alloying ele¬ 

ments manganese and silicon as a substitute for nickel and molybdenum 

to promote hardenability in steel. 

P. V. Riffin 

Pvt., Crd, Dept. 
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imcDUCTlí.'N 

In accordance with a request* from the Office, Chief of Ordnance, 
samples of Oernen aircraft armor vrere subjected to a metallurgical 
examination at this arsenal after havinf: been tested ballistically at 
the Ordnance Research Center, Aberdeen. (Reported in A.P.G, Report 
To, AD-6g4). 

The samples were listed as: 

Item 1 - 5/l^" homo rene ou s armor from an Heinkel plane. 
Location - belly protection. Pour sections submitted 

Item 2 - 5/16” homo eneous armor from an He III plane. 
Location - port. 

Item U - 5/1''" homo~eneous armor from an He III plane. 
Location - middle of fuselaje. 

Item 10 - 5/L6" homogeneous armor from a JU-S7 plane. 
Location - rear of pilot. Tyro sections submitted. 

The samples from Item I "ere desi.-piated "ith the numbers used by the 
Ordnance Research Center which are the following: 

1 - ll"x32" plaie subjected to the 20 mm. HR shock test 
(Army **k. 1 fuse). A fmpnent of the broken plate 
’ras received, 

Li - Z-l/Z"xJ>2n plate subjected to Cal. .30 tests. 

13 _ 5-3/S"x32" plate subjected to Cal. .50 penetration 
tests (a back spalling tendency was observed). 

1C - 5-3/8nx32n plate subjected to Cal. .50 penetration 
tests. 

Two plates "ere submitted under Item 10, one of which (marked 10A) 
was an irregularly shaped 2l"x28" plate which exhibited cracking and 
some spallin'7 under ballistic tests. 

Several investigations of German aircraft armor have been 
conducted in Rn~land . These investications have shown that a wide 
variety of compositions similar to those observed in this study were 
used. The carbon content varied from ,29f? to .54$, although in most 
cases, it was about .50$. 

L 00 3^*3/1923 - ’ftn ^8^.3/239(10, See Appendix A. 

2., 00 470.5/1145 - ,ftn 470.5/4479 dated 21 hay 1942. 





Thickness raensureraents '»ere obtained pt three locations and the 
average thicknesses of the plates are ns follows: 
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2. Ch^mlcpl Analyses 

Thickness 
Inches 
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Results of the chemical analyses of the items submitted are 
given in Table I. 

TA3LZ I 

Chemical Composition 

Item 
Vo^ 

1 

1A 

IB 

1C 

2 

k 

10A 

103 

C ¡In 

.49 .62 

.46 .80 

.45 .59 

.47 .77 

.48 .73 

.47 1.54 

.47 .64 

.39 .63 

Si n 

I.60 .023 .019 trace 

.82 .021 .017 .36 

I.45 .023 .019 trace 

,8h .024 .026 " 

1.80 .027 .015 " 

1.80 .027 .012 " 
m 

2.02 .020 .016 " 

1.99 .019 .010 " 

_Ct_ th_I_A1_ _Ça_ 

.85 .19 trace .02 .12 

1.37 .26 .13 .01 .14 

.90 .22 trace .OI5 .12 

1.5^ .23 .10 .025 .12 

.9h .19 trace .OI5 .13 

.15 .10 trace .025 .06 

I.34 nil. .35 .025 .115 

,49 .28 trace .025 .I3 

The compositions observed ’-ere suite varied bein' of four principal 
types namely: Cr-ilo-V, Si-Cr-ilo, iln-Si, and Si-Cr-V steel. The high 
silicon steels have not been used with much success in vhis country 
whereas the .45$ carbon Cr-».o-V type steel is used quit« extensively for 
aircraft armor at the present time. 
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There pp^enrs to he p. definite trend towp.rd the use of the less 
strategic elemants aanganese rnd nilicon instead of the scarcer nickel 
and molybdenum for -promotin' hardenability in aircraft armor by the German 
manufacturers. 

3. Hardness Tests 

The results of Brinell hardness tests on «ho surface and Pwockwell 
C .lardness surveys plon/\- the cross sections of each oíate are shown in 
Table II. 

TA3L2 II 

Hardness Surveys 

Cross Section Hock^ell C_ 
Item Surface 3?S! BMI 
Jlûa. £§háin¿s-¿Z&m.-Headings_ Ave. (Converted) 

1 388,388,388 3gg 

1A 4ll,U37,U37 U28 

13 437,411,411 420 

ic 3gs.3gg.3gg 33g 

2 429,^29,420 429 

4 429,429,429 k?9 

10A 495.495.477 4S9 

103 514,514,514 514 

42.5, 43, 43.5 43 

45.5. 4.0.5 45 

40.5, L4, 43 43.5 

43, 43, 43.5 43 

42.5, 43, 43.5,43 43 

42, 43, 43, 43 43 

47. 50. 47.5,47 47.5 

40.5, 47.5, 48,47.5 47.5 

418 

432 

424 

4lS 

4lg 

4lS 

470 

470 

Heported 
by APG 

BHN 

387/444 

N 

It 

II 

444/460 

364/387 

460/477 

it 

In several cases p low Hock”ell hardness reading was observed near 
one of the faces of the plate because of decnrburization, but this reading 
was not included in the average hardness value. 

The items 1, 2, and 4 possessed a hardness of rou hly 418/432 Brinell, 
a value "hich is used, for the most part, in this country for light gauge 
aircraft armor. Item 10 was heat treated to a considerably higher hardness 
which was undoubtedly responsible for the brittleness observed on the shock 
test and the inferior penetration resistance of overmatching projectile» 
(Cal. .50 ,aP ammunition). 

4. fracture Tests 

Fracture tests for steel soundness were conducted in both the 



transverse pnd longitudinal direction, pnd the fibre fracture test in only 
one direction. The results are shown in Table III. 

TA3L3 III 

fracture Test Results 

Item 
Ho. 

1 

Steel Soundness* - 
Lçiy-jlhidlpftl 

3 
jaamg&n 

B 

JPibE£ 

1A 

13 

1C 

2 

4 

10A 

103 

B Hoody 

B ''oody 

3 

3 

3 

D 

C 

3 ^Toody 

3 Hoody 

3 

3 

C 

D 

C 

Pc tr 

Pc 1/2 

Pc tr 

Pe 1/2 

Cbf 1/2 

Cbf 1/2 

Cb 

Cb 

* Steel soundness ratings of Armor Specification AXS-4SS, (Hev. 2) 
in which D or worse is rojectable. 

•* Symbols for fracture rating*. 

Pc - Pibrous matrix containing: speckles of crystallinity. 
Cbf - Bright crystalline zone with a fibrous border. 
Cb - Bright crystalline fracture. 
Fraction refers to the amount of crystallinity present. 

The steel cuality of all plates except 4 and 10A are considered to 
be acceptable. Plates 1A and 13, although they do not exhibit any 
excessive laminations, possess a very woody structure 'hich appears to 
have been responsible for the back spallin~ tendency observed. 

In the fibre fracture teat, all the plates exhibited some crystal¬ 
linity, a condition which is associated with inferior toughness or 
poor shock resistance under ballistic tests. The thinner plates of 
item 1 possessed considerably less crystallinity than the remaining 
plates. 
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5. Macroscopic 5x> ^inr.tion 

Hot acid etched cross sections of the plates did not reveal any 
pronounced se rre^ations of nonnetallic inclusions except in plate 1QA which 
exhibited a sharply delineated band in the center of the plate. 

There was little difference in etching characteristics in the 
transverse as compared to the longitudinal section indicating that the plates 
had been thoroughly cross rolled, 

6. Microscopic Examination 

The nicrostructure of typical plates are shown in Figures 1 and 2. 
The nonnetallic inclusions in all the plates *rRS of the silicate and sulphide 
type. Figure 1A is typical of the worst segregations of inclusions observed 
in the roup of plates, ilate 13 also possessed a considerable amount of 
yellow nitride type inclusions, 

item 1. The nicrostructure of all four seciions v^s 
that of tempered martensite with varying dc'rees of un¬ 
dissolved carbides. It wpg observed that a greater amount 
of undissolved carbides ’'as present in the plates 1A and 
1C containin' a high chromium content. It is apparent that 
the audtenitizing teiroerature employed was lower than 
is reouired to completely dissolve carbides. It is con¬ 
sidered that the inferior impact properties of these plates 
are attributable, at least in part,to the lacle of 
homogeneity resulting from the presence of undissolved 
carbides, 

Iten 2 possessed a tendered martensitic structure which 
shoulu exhioit satisfactory properties. It is possible 
that the poor fracture of this steel wp.8 associated 
with temper brittleness which would be manifested in the 
plate when tempered at about 1000°F. in obtaining a 
hardness of 400 Brinell. 

*tem ^ possessed a tempered martensitic structure cuite 
like that of item 2, The analysis differed from the previous 
item in that hi h manganese was used instead of the l.jUji 
chromium. 

Item 10A exhibited a very unusual microstructuro, A 
hetero-enoous structure of ferrito, car ides and tendered 
martensite extended from the ed^e almost to the center. 
The central 1/3" of tho plate possosoes a banded 

structure of undissolved carbides in tempered martensite. 
It appears that incomplete austenitizing of this markedly 
segregated plate vrr.s responsible for the presence of the 
ferrite patches, A section was reaustenitized at l600°F 
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penetration) of these ple.tes5 vras cuite conparp.ble to that obtained in 
American aircraft armor, but the resistance to craclcing in several cases, 
was markedly inferior to that obtained with good duality armor. The latter 
consideration is associated with the inferior toughness observed in the 
fracture test. The back spalling condition observed in plates 1A, IB, and 
103 was a reflection of the presence of laminations in this high hardness 
armor. 

b. Economic Considerations 

A variety of compositions "as used in this iroup of plates, 
most of which depended largely upon silicon and manganese for hardenability. 
Apparently the Germans have resorted to tho use of these elements because 
of the shortage of nickel and nolybdepum. This condition iras also observed 
in the plates examined by the British'. The use of high silicon steels for 
armor has not been employed to any extent in this country because it has 
been observed that inferior impact oroperties have been obtained in 
silicon containing steels. 

5. A.P.C-. Armor Report l:o, AD-f8h.' 

6. See footnote 2, page 2 

RESTRICTED 

.* i^Trr^rV.VW V V V K5KH2 S 



■Min ' I' I I J 

t* 
k* 

k' 

j 
[.• 
(.• 

I 
'.* 

ï 
« 

.* 

PW 

X100 A Unetched X1000 B Floral 
Plate IB - Nonaetallice la Plate IB - Tampered martensite, 
longitudinal »action. 

XlOOO 0 Floral 11000 D Piorai 
Plate IA - Tampered martenalte Plate 10 - Tampered martensite 
with undlssolved carbide». with undlssolred carbides. 
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T-1000 ^ 1 flonl 
Plate 2 - Tampered martensite. 

*1000 f Floral 
Plate 4 - Tampered aartenslte. 
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VAR DSP ART! ENT U45I 

OrFICR O? TRR CHI 33? 0? ORDlTA-'TCB 
T.ISHIITCTON, D. C. 

00 3S0.3/I9S8 28 August 1944 
Attention of 

SPOTC 

Subject: 0-er man Aircraft Armor Plate 

To: Commending Officer 
Ve.t e r10vm Arr; enal 
’■^aterto^-n, Hass, 

Attn: Colonel H. H, Zornig 

1. There "ere shipped to Vatertown Arsenal on 25 August 1944 
by the Ordnance Research end Development Center, Aberdeen Proving 
Ground, the following samples of German Aircraft Armor: 

a. Item 1—5/16" homogeneous armor from a German 
Heinkel Plane. Location—for belly protection, 

b. Item 2—5/l6" armor from port location in H3-III 
Plane. 

c. It em 4—5/16" armor from middle of fuselage in 
H2-III Plane. 

d. Item IO-5/16" armor from rear of pilot in JU-87 
Plane. 

2, The above listed items vhen subjected to ballistic tests 
at Aberdeen Proving -round indicated a performance at least equal to 
or superior to the average performance obtained 1 'ith homogeneous 
aircraft armor produced in the United States, It is therefore 
requested that these samples of German Aircraft Armor be subjected 
to tests for the purpose of determining their chemical composition 
and metallurgical properties. 
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Tot ^atertovm Arsenal, iia.ss. 
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2g August 1944 

3. Upon conpletion of all tests, it is further recruested 
that the results oe reported in accordance with Ordnance Departaent 
Order No. 327» Change ï. 

U-V 

o- . 

vu;: 

By order of the Chief of Ordnance: 

hi 
HORACE A. CJJimi 
Colonel, Ord, Dept. 
Assistant 
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