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Armor Plate Compositions :
Progress Report I
Purpose b
The purpose of this investigation was to select ;
promising experimental armor plate compositions primarily
for future ballistic study.
5 Conclusions
L 1. The following compositions have been selected I
- for ballistic study on the basis of distinctive physical
characteristics, that is, high yield strength/0.00% set,
tensile strength and impact resistance in combination
- with good ductility. e
A. Chemical Analysisg |
mese. § %% % % G M 1
2 Standard .47 92 .39 - 1,19 67 .22
2x .38 .80 .35 -  1l.21 .66 .21 |
3 .36 .69 .29 - 1.77 .62 .24 é
7X 41 .67 .20 2.38 1,20 .60 .20 -
oX 44 .60 .14 1.26 - .68 .20
24 .40 .85 2.20 3.20 - - - ‘
25 .42 .67 .28 - - 1.0¢4 .10
34 .40 .44 .15 3.88 - .60 -
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REPRODUCED AT GOVERNMENT EXPENSE

2., Chemical analyses were made on samples taken
from physical test bars and compared with ingot analyses.
Segregation of 0.28% Nickel was found in Ingot No. 6;
0.18% Nickel, 0.,16% Chromium in Ingot No. 8; 0.16% Molyb-
denum in Ingot No. 26; and 0.20% Molybdenum in Ingot No.27,
The balance of check analyses were in close agreement with
the ingot analyses ~ Table 4.

3. Brinell hardness determinations made on the
tensile test and charpy tensile impact bars showed a hard-
ness range of 364 - 460, In the original program, 1t was
intended to work within a hardness range of 418 - 430
Brinell.

In some cases, the Brinell hardness of the tensile
test and charpy tensile 1impact bars varied between 235 to 42
points.

4. When making a study of the effect of one or more
additional elements on the physical properties of the
basic composition, consideration of the following factors
is necessary.

(a) Tensile tests based on one tensile test bar.

(b) The presence of non-metallics and interral
cracks in the fractures of some tensile test
bars.

(c) Variable drawing temperatures in the same
series.

(d) Variation in hardness of tenslile test and

charpy tension impact test bars.
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REPRODUCED AT GOVERNMENT EXPENSE

5. There was close agreement between static and
dynamic percentage elongation and also,between the statlice
and dynamic reduction of area values. Figures 1, 2.

6. A survey of the plot of physical properties of
the series of steels indicates,in most cases, a close
relationship between Yield Strengtn/0.00% set, Tensile
Strength, Impact Values and Brinell Hardness. Some
irregularities were evident in the percentage elongation
and reduction curves,

7. Sand added to heat #30, and manganese sulphide
inclusions resulting from the screw stock base in heat #31,
did not promote increased ballistic resistance in samples
of plate rolled therefrom.

No sand ;nclusions were found in the microstructure
of heat #31.

8. The standard composition, with ,38% Carbon, has
the best combination of strength, ductility and toughness.

Introduction
A program was initiated by Capt. D. J. Martin, in 1934,

covering development work on armor plate compositions. A
study was made on the casting of small ingots of about

60 pounds, theilrforging, heat treatment and testing for
tensile and impact properties, and hardness. It 1s pro-
posed that a few promising compositions wlill be rolled and

treated to determine the ballistic properties.
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REPRODUCED AT GOVERNMENT EXPENSE
Procedure

Casting

Sixty pound induction furnace heats of the fol-
lowing chemical specifications given in Table I, were
cast in the form of 4" x 4" Ingots.

In view of the fact that the chemical analyges of
Ingots Nos. 2, 4, 5, 6, 7, 9, 10, 13, 17, 18, 28, and 29
failea to meet the specifications in Table I, new heats
were made which were designated 2X, 4X, 5X, 6X, 7X, 9X,
10X, 13X, 17X, 18X, 28X, and 29X.

Sand was intentionally added to Heat #30 in order to
determine the effect of sand inclusions on balllstic
properties.

Screw stock was used as a base in Heat #31 in order
to determine the effect of manganese sulphide inclusions
on ballistic properties.

Forging Ingots :

A lot of 1ingots consisting of twelve or thirteen
ingots were placed in a furnace and heated to forging heat,
1150 - 1185°C, in about three hours and held within this
range for nearly 3 1/2 hours and forged to bars, 2 3/8
inches in diameter or to a 3:1 reduction. All forged bars
were buried in cinders from forging temperature. Four
lots of ingots were likewlse heated and forged separately.

In all cases, as shown in Table II, difficulty was
experienced in maintaining a uniform ingot temperature

in the heating furnace.
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[

Heat Treatment -
(1) Proper Hardening Temperature - In order to

determine the proper quenching temperature, a series of

one-half rounds (original forging 2 3/8" dia.) of each

composition was quenched from 750, 780, 810, 840, 870,

9009°¢.
(2) Test Bars - Slugs 7/8 inch diameter and 3 1/8 b

inches long were heat treated according to the procedure
outlined in Table III. The slugs were machined as follows:
(a) One .375 inch Tensile bar per heat.
(b) Two True Stress bars per heat.

Chemical Analyses

(a) Inzot - Samples were taken from the macro-
cection near the top of the ingot.

(b) Test Bars - Samples were taken from the True

Stress bars after test.

Physical Tesgts
a. Yield Strength/0.00% set
b. Tensile Strength
c. True breaking Stress
d. Charpy Tension Impact
e. Brinell Hardness on test bars, -

Tensile and Charpy bars

Results

Data on Forging the ingots is given in Table II.

e e e o T T T Sy, S ——————-—
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Heat Treatment
The proper hardening temperatures of the series of

alloy steels as determined in Figures 3 to 12 inclusive,

are given in Table 3.

In some cases it was necessary to requench and redraw

in order to obtain the desired hardness. ﬁ;

The slugs were heat treated first and later machined

into tensile test and charpy impact bars.

Chemical Analysis

Chemical analyses of the ingots and check analyses

made on the test bares are shown in Table 4. Hh

Phyeical Properties

Physlcal properties of the series of steels are given
in Table 4 and plotted in order of increasing the percent-
age of one or more elements in Figures 1 and 2.

A classification of the compositions having the best’
combination of strength, ductility and toughness is given gn;
in Table 5. |

An analysis of the classification of armor plate
compositions with best combination of strength, ductility
and toughness is given in Table 6.

Priority ratings are given in Table 6; the selected
compositions for ballistic study based upon the position Fgﬂ
of the composition in Table 5. v

- 14 -
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REPRODUCED AT GOVERNMENT EXPENSE

Rallistic Tests on Rolled Plate from Ingots 30, 351
1. Ingot 30 - 2.32% Ni, 1.00% Mo - Sand was in-

tentionally added to this melt in order to determine the
ballistic properties of steel containing sand inclusions.
No sand inclusions were found in the rolled plate. Cracks
were evident on the back of the 3/8" thick plate when
tested with the Cal. .30,2100 f/s. A.P. ammunition at a
distance of 100 yards.

2. Ingot 31 - 2.28%'N1, .99% Mo - Screw Stock base.
The object of this test was to determine the ballistic
properties of high sulphur alloy steel. The 3/8" thick
plate was not penetrated when tested with Cal. .30,
1700 f/s A.P. ammunition at a distance of 100 yards.

Discussion

When interpreting the graphical presentation of data
on physical properties, as shown in Fiéures l and 2,
several factors should be considered such as, segregation
in the steel as revealed by fracture study, and the heat
treatment of the test bars. It was originally intended
to draw the test samples to a Brinell hardness, 418-43(.
Actually, a range of 364-460 Brinell hardness was deter-
mined on the test bars from which the physical data in
Table 4 was calculated.

Ingot 2, Standard Composition .47% C, .92% Mn, 1.19% Cr,
.67% Mo, .22% Va.

- 15 -
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'QOOOF. Internal cracks were evident in the fractured

{

It 1s possible that greater ductility and resistance -'jﬂsf

to impact would have been obtained with a drawing temporhqﬂ L\éﬂﬁ}
(! F . 1 Y

ture higher than 900°F. Also, perhaps the high manganese il

content may have been responsible for the low ductility.

Ingot 2X, Seme as Standard Except .38% C, .80% Mn, 1.21% Cr,
.65% Mo, .21% Va.

Lowering the carbon and manganese apparently increases
the ductility and slightly lowers tihe tensile strength'_

ana proportional 1limit, with the same drawing temperature A

tensile bar. ' . .
Ingots 3, 4X, Same as 2X, except increase in Chromium, i
; i o LT

3 - 1.77% cr 4 ':‘“'"
4X - 2.82% Cr A ARV
' . i )L "

Increase in chromium raises the tensile strength, Y.

Brinell hardncss, impact properties slightly, lowers the
yield strength/0.00% set percentage elongation and reduc- f;mﬂ?
tion of area. Test bars from Ingot 3 were drawn at,860°F,'f' i

walle those from ingot 4X were drawn at 900°F. Internal

cracks were.evident in the fractured tensile test bars

from ingot 3. 1Ingot 3 1g & promising cpmposition:' _ e

Inzots 6X, 7X, 8, Seme ag 2X, except increage in Nickel

6X - 1.22% N1
77X - 2.38% N1
8 - 4,60% N1

e
! ; 'y "
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With an addition of 1.22% Nickel, a decrease in |
the physical properties is noted. With an increase in £
Nickel up to 4.6% there is a noticeable increase in ; L
tensile strength, Brinell hardness, and percentage elonga-

tion, Increasing Nickel from 2.38 to 4.60% lowers the |
Yield Strength/0.00% set and reduction of Area. Internal ."ni

cracks were found in test bars, Ingot 7 and,nonmetallics ' £ LTy &

were present in test bars, Ingot 8. This fact may account

for the 1lrregularities in physical properties of this high

nickel steel. 1Ingot 7 1s a promising composition.

Ingots 9X, 10X,11, Same ag 6, 7X, 8 except no_Chromium

9X No Cr, 1.26% Ni, .68% Mo, .20% Va
10X v v 2,36% Ni, .61% Mo, .21% Va
11 non 4,558 N1, ,60% Mo, .23% Va

With the addition of Nickel alone, no marked improve-

ment in the physical properties is apparent, save ductility
which approaches that of the standard composition 2X with
low carbon,

. Ingot 9 is a promising composition.

Ingots 12, 13X, 14, 15, Seme as 2X, No Chropium with 3,788 .
i
Nickel and ,27 1 6 S AN

These nickel-molybdenum steels, according to the ' ' ;“e(

ey {
prescribed heat treatment, do not have exceptiondl physical:

properties. g

i i il L
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I REPRODUCED AT'GOVERNMENT EXPENSE ;;
3
|

Ingots 17X, 19, Same as 13X, 15, plus 1,20% Chromium
Chromium increases the tensile strength and impact
properties as compared to the physical properties of

Ingots 12, 13X, 14, and 15. Nonmetallics were present

in the fracture of test bars from Ingot #19. Fi
Ingot 24, Nickel Silicon, 3.2% Nickel. 2.8% Silicon (e Ko g

This 1s a promising composition.

Ingots 25, 26, 27, 26X, ,46% Carbon, 0,10% Vanadiug :
with 1,0% Mo, 2.0% Mo, 3% Mo, 4% Mo ‘ -
With the exception of Ingot 25, the physical proper-

ties of samples from Ingote 26, 27 and 28, are not exoep-
tional when compared with those of Ingots 12, 13X, 14 and

15, ocontaining 3.75% Nickel and increasing Molybdenum v

.27, .49, .65 and .88% Mo.
Three per cent Molybdenum, Ingot 27, has low yield

strength/0,00% set and tensile strength, although the ”.'

ductility 1s relatively good. Four per cent Molybdenum,
Ingot 28X, increases the strength but decreases the duc- ;
tility when compared with the three per cent Molybdenum f
steei. Nonmetallics were present in the fracture of test .?
bars from Ingot 28X. ‘
Ingot 25, - 1% Molybdenum, .10% Vanadium is a
promising composition. NS,

1
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Ingot 33, 34, Navy Ingot 33, 2,4% Mn, ,6% Mo: J

ngot 34, 4% N1, 6% M il

The Nickel-Molybdenum Steel, No. 34 haé excellent ' ¥
physical properties and approaches those of the standard e
composition. The physical properties of Ingot No. 33 are

relatively good. Nonmetallics were présent in fractured

TR

samples of Ingot No. 33.

L
.

Ingot 35, 36, (Sloan); 35 - .56% C.- 2% or;
Ingot 36 - . % 6% ¥
The physical properties of these ateelé are not ex- .
ceptional. Nonmetallics were present in fractured samples

of Ingot 395. ‘ . | i

Inzot 37, Midvale, 4% Ni, 24 Cr
The physical properties of this ¢ompoaltioq when

heat treated according to the present practice, are in-

ferior to those of the standard composition.

Ingot 38, (Sloan), .28% C, 4% Ni, 2% Cr ‘ : ;

This composition has low strength but good ductility
as compared with the physiocal prOpertieé of the standard

composition.
Ingote 39, 40, Same as Ingots 25. 26 plus ,16 - 32 W l
Ingot 39 - .45% C, 1.0% Mo, .10% Va, .16% W = ”Lﬁﬂii“{

Ingot 40 - .45% C, 2.0% Mo, .10% Va, .32% W IS

Tungsten in the amounts noted above in combination“‘|}:“f?“-

b NJ\ 15

with moderately high molybdonum and 0.10% Vnnadiul ap~ ﬁry':,,
i ‘l ' ; ‘1‘; .““. "" ] f\ ,.(r'
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parently does not increase the strength. On the other

hand, the ductility is good.

Ballistic t d pl rom I 3
1, Ingot 30, Ni 2,324, Mo 1 d _add A
No sand was present in the rolled plate, therefore, Fi

no definite results were obtained.

2. Inzot 31, Ni 2.28%, Mo .99%, Screwgtock base,

t
A 3/8" thick plate with high sulphur cracked slightly {
a

at area of impact when tested with Cal. .30 1700 f/s
velocity A.P. ammunition. . : ‘ r.

Chemical Composition

Check analyses indicated that some seéresat1on of
nickel and molybdenum was present in the ingots containing
high percentages of these elements, - to illustrate,
ingots 6, 8, 26, and 27. |

The standard cémposition, Ingot No. 2X with ,38%

carbon, has the best comblnation of strength, ductility

and toughness. : S o

Recommendations

It is recommended that continuation on the developmen:

of experimental armor plate compositions be conducted

as follows:

1. Study of the Macroétructures of the Ingots as cast,

2. Study of the Microstructures of the test bars, sub- ) 43,
4 [ i » ,%‘?' i
Jected to tensile test, . i ~2'$'
4 : ] ’ ;f.i:;_."' |
= 22 - - , i h‘ﬁ,{‘i |
' (EM 35 i
- B " Ny ﬁ%%&%

AR SR



: 3. Completion of the Physical tests on Ingots 5X, 16,

18X, 20, 21, 22, 23, 29X, and 32.

i 4, Determine impact values with 0.1 inch notch bar under

! normal and high sgpeed.

5. Study of the Physical properties of some of ithe well
known compositions, such as Nickel-Molybdenum? hardened

and drawn to Brinell hardness of 430.

- T e W ¢ & = e @

6. Casting of 500 1b. induction heats of compositions, 2;
2X, 3, 7X, 9X, 24, 25, 34. These ingots to be rolled
into plate at the plant of Henry Disston & Sons, Inc,

7. Ballistic tests to be made at Watertown Arsenal and
Aberdeen Proving Ground on heat treated plate.

8. Correlation between ballistic and physical properties

to be.made.

Respectfully submitted, '

G e a i
C A(il}jzecﬁﬂ g
E. L. Reed,

Research ketallurgist

References: Report No. 322/3, dated May 8, 1935.
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